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Symposium on Threshold Limits 
Present Trends in MAC’s 


Introduction by WARREN A. COOK, Associate Professor 
Industrial Health and Hygiene, School of Public Health 


4 


University of Michigan, Ann Arbor 


HE THINKING today on the concept of 

threshold limits of injurious materials, 
designated by whatever term, has passed 
through an evolution to a gratifying ma- 
turity. 

Initially the need to know how little of a 
toxic substance might remain in an indus- 
trial atmosphere without injury to those ex- 
posed was insistently apparent. Such in- 
formation began to be supplied through cor- 
relation of concentrations of injurious sub- 
stances with observed effect on the health 
of the worker for such materials as granite 
dust! and lead compounds.” Results of short- 
time animal experiments had been available 
even before the present century from such 
investigators as K. B. Lehmann? and later 
from Yant and others at the U. S. Bureau 
of Mines,‘ with the classic combined long- 
exposure animal experimentation and oc- 
cupational study on benzene by Greenburg® 
in the middle twenties. 

As these threshold limit values became 
more numerous and were more widely ap- 
plied, it is perhaps not surprising that mis- 
conceptions and aberrant usages occurred. 
Some persons erred in considering the levels 
more precise than the facts justified; others 
rejected them because the values could not 
precisely fit all conditions of exposure and 
physiological response. And the detractors 
were for a while more vociferous and seemed 
possibly to be more sound than the pro- 
tagonists. 

With time, there has been a separation of 
the valuable advantages of the threshold 

Presented at the Joint Session of the AMERICAN IN- 
DUSTRIAL HYGIENE ASSOCIATION—AMERICAN CONFERENCE 


oF GOVERNMENTAL INDUSTRIAL HYGIENISTS at the 1955 In- 
dustrial Health Conference, Buffalo, April 26, 1955. 


limits and the improper use of them. “No- 
where is the present concept of threshold 
limits more ably and competently expressed 
than in the papers and discussions of this 
Symposium. 

That the discussants might not have the 
very last word, it may be permissible for 
this prologue to assume in part the preroga- 
tive of an epilogue! The following com- 
mentaries appear pertinent. 

The last publication of the American 
Standards Association Z-37 Committee on 
Maximum Acceptable Concentrations of 
Toxic Dusts and Gases® is reported cor- 
rectly as 1949 by Sachs who deplored the 
lack of revision of the 1941 Standard for 
benzene at the obsolete level of 100 parts 
per million. It is to be noted that this ASA 
Committee is now active in the revision and 
publication of MAC Standards for many 
of the materials on which information is 
available. 

The term “maximum acceptable concen- 
trations” was adopted by the ASA Commit- 
tee for a number of reasons. The word “ac- 
ceptable” does not connote the legal control 
inherent in the words “allowable” and “lim- 
it,” but rather a simple acceptability with- 
out further implication. Also, the expres- 
sion, MAC, has been widely used over the 
years and is now a part of the language. In 
fact the Germans adopted a wording which 
gives the abbreviation, MAK, so that this 
term may be used in international conversa- 
tion. Their words as used in the title of a 
paper by Oettel? are “Maximale Arbeits- 
platz-Konzentration.” It is understood that 
this same expression is being used in the 
“MAK” tables of the German Association 
for Worker Protection. 


| 
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However, there can be no really valid ob- 
jection to the term “Threshold Limits” used 
by the committee of the American Confer- 
ence of Governmental Industrial Hygienists 
or to “Hygienic Guides,” the term adopted 
by the American Industrial Hygiene Asso- 
ciation committee. This Symposium would 
not be complete without reference to the 
availability of the excellent AIHA Hygienic 
Guides to which reference is made else- 
where in this Journal. 

One of the most perplexing problems in 
arriving at threshold limits is posed by the 
cancerigens. Stokinger’s statement in this 
Symposium is the first publication on this 
phase of the subject. However, the use of 
the procedure suggested by Stokinger as ap- 
plied to nickel carbonyl has already drawn 
some fire. Quoting in part from a private 
communication from Oettel whose publica- 
tions’: on “MAK’s” include a well-consid- 
ered presentation of the general subject: 
“We suggest that consideration be given to 
indicating the suspected cancerigens with 
an asterisk with reference to a footnote that 
the hazard exists and consequently especial- 
ly effective control measures be instituted. 
No man can say today which concentration 
of the several industrial substances is actu- 
ally required to be cancerigenic .. .” This 
statement follows his objection to the pres- 
ent listing by the ACGIH of nickel car- 
bonyl as 0.001 ppm on the basis of its al- 
leged cancerigenicity, which incidentally 
Oettel’s extensive experience with the sub- 
stance causes him to doubt, while failing 
to include any acknowledgement of the 
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known cancerigenicity of arsenic, chromates 
and asbestos. Says Oettel “In this I see a 
great danger. The lists should in any event 
remain logical.” 

Waters’ discussion of Brandt’s paper oc- 
cupies the final pages of this publication of 
the Symposium, but it is believed that 
Waters would not wish his comments to be 
considered the last word on the subject of 
threshold limits—rather that his observa- 
tions are limited essentially to the use of 
these values in legal codes, rigidly fixed by 
statute. As the last word in this Symposium, 
this introductory refers the reader to the 
concluding paragraphs of the paper by 
Brandt for his discussion of the philosophy 
of threshold limits. 
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The Need for Threshold Limits 


MIRIAM SACHS, M.D. 
New Jersey State Department of Health, Bureau of Adult and Occupational Health 
Trenton, New Jersey 


ROBABLY one of the most basic needs in 

human endeavor is for man to have an 
orderliness set to his manner of thinking. 
Everyone has a need for discipline, for 
boundaries to be drawn, and for limits to be 
defined. It does not matter that the only use 
for some of the limits so defined may be to 
ignore them; they have still served their 


purpose as a point of aim for individual 
interpretation. If this seems cryptic, an ex- 
ample concerning a common substance may 
be cited. 

Almost everyone is familiar with the 
threshold limit values for .silica—for dust 
with a free silicon dioxide content above 
50%, the limit is given as five million parti- 
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cles per cubic foot of air (MPPCF), for dust 
with a free-silica content below 5%, the lim- 
it is 50 MPPCF, but 20 MPPCF is the value 
assigned for dusts with 5% to 50% free 
silica. It is rather difficult to understand 
how lungs could be so selective as to react 
with fibrosis if air containing more than 5 
MPPCF of a 50% silica bearing dust was in- 
haled, but would be expected to remain 
healthy if a 40% silica content dust at the 
level of 20 MPPCF was similarly inhaled. It 
would be of doubtful accuracy for each in- 
dustrial hygienist to interpolate on the 
curve of this wide range and apparent dis- 
crepancy. It has always seemed better prac- 
tice to abandon the middle limits and when 
necessary forward a report (concerning 
dusts with a free-silica content of about 
40°-) that “dust with such a dangerously 
high content of free silica should be main- 
tained in the working environment at less 
than 5 MPPCF.” For agencies who have not 
conducted any research or original investi- 
gation along these lines, this might have 
been a precarious position under attack. 
Fortunately, the trend is toward revision of 
the limit for silica-bearing dusts.! 


An Essential Tool 


Actually, threshoid limits satisfy the need 
for a tool essential to the protection of the 
health of the worker. The quantity of tech- 
nical information concerning the biological 
actions of old and new chemicals is so vast 
that no single practitioner of industrial hy- 
giene can be expected to be able to as- 
similate more than a very small fraction of 
this mass of material. A list of guide values 
prevents the chaos that would result if each 
investigator conducting plant surveys had 
to depend on his own comparatively re- 
stricted experiences and background. Two 
of industrial hygiene’s sister specialities 
are admirable demonstrations of the benefits 
of having, and the disadvantages of not 
having, an approximate measurement of 
hazard. In radiological health and radio- 
logical safety the maximum permissible ex- 
posure value, blessed by national and inter- 
national committees, has made possible 
much of the rapid adoption of var- 
ious radiological techniques, uses of radio- 
isotopes, and forays into the field of nuclear 
energy. 


In air pollution investigation and control, 
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lack of standards for permissible levels of 
atmospheric contaminants has_ seriously 
hampered wise administration of air pollu- 
tion control practices, and has made it al- 
most impossible to weigh the effects of 
these contaminants on the public health. 

The need for threshold limit values and 
the manner of use is quite different for the 
staffs of governmental or official agencies 
and for persons employed by private indus- 
try or working with research laboratories, 
universities or foundations. Official indus- 
trial hygiene agencies must have a screen- 
ing device to apply to literally thousands of 
industrial processes which are encountered 
in the day-to-day field work, from one year 
to the next. A screening device may very 
well be a single parameter but it should be 
used only for the purpose of suggesting 
more intensive and detailed study where the 
parameter is significantly exceeded. In 
multiphasic screening for chronic disease, 
the patient whose survey film is suspect for 
tuberculosis, cancer of the lung, or ab- 
normal heart outline is referred to his 
private physician or to an appropriate clinic 
for more definitive diagnosis. 

In discussing any screening test proce- 
dure, the question of false negatives versus 
false positives is certain to be reached. 
When the risk is permanent disability or 
death, the governmental industrial hygien- 
ist is so conditioned that he favors the side 
of the false positive; he tends to be too 
strict rather than too lenient. 

For private industrial purposes, the 
threshold limit values satisfy the need for 
engineering bench marks. “Almost 100% 
confidence can be placed in the threshold 
limits where they are being used for evalu- 
ating and controlling of an industrial en- 
vironment. This is particularly true in the 
use of these limits as a base line for calcu- 
lating control design specifications in that 
the usual engineering factors of safety are 
included in such designs. It should be re- 
membered that under this connotation the 
base line for comparison need not be ex- 
tremely accurate. Naturally, the more ac- 
curate the figure is, the better economy that 
can be realized in engineering a control.’ 
One of the deans of industrial hygiene and 
toxicology, restated this point of view as, 
“We need a yardstick even if it’s only a rub- 
ber yardstick!” 


y 
3. 
of 
r- 
ic 
s- 
d 
c- 
a- 
d 
4. 
e, 
2, 
| 
al 
Ly 
e 
st 
i- 


276 


Henry Smyth has given the most nearly 
complete description of the toxicological 
data required to satisfy all needs.? (1) What 
uniform concentration is tolerable eight 
hours a day for a working lifetime? (2) 
What correction in the average must be 
made for brief peak concentrations? (3) 
What single brief exposure to a high concen- 
tration is tolerable each day when there is 
no exposure the rest of the day? (4) What 
biological test upon the workman can meas- 
ure his actual intake of the chemical at his 
job? (5) What are the earliest symptoms 
and objective signs of excessive exposure 
and how severe can they become before re- 
moval from exposure fails to prevent perma- 
nent injury? (6) What is the best treat- 
ment for the effects of excessive single ex- 
posure or excessive repeated exposure?” For 
a few industrial materials, all of these ques- 
tions can be answered. The threshold limit 
values attempt to supply the answer only 
for question one. The introductory preface 
to the list advises caution in interpreting 
even this single answer. The introduction to 
the 1954 list has probably ‘been well read. 
The preface to the 1948 list warrants repe- 
tition: ‘While it will doubtless be very 
advantageous to have what might be called 
permanent or standard maximum allowable 
concentration values, it must be borne in 
mind that all our values at the present time 
are fluid and subject to annual revision. 
They should not be adopted as fixed or legal 
values, but merely as guides to assist us in 
defining more or less safe working condi- 
tions. . . It must be borne in mind that these 
values are not indices of toxicity and are 
not intended to approach that value. Ac- 
cordingly, the comparative toxicity of these 
compounds cannot be established on the 
basis of their numerical maximum allow- 
able concentration value. 

“People vary greatly in their response to 
drugs and toxic substances. Therefore, it is 
a figment of the imagination to think that 
we can set down a precise limit below which 
there is complete safety and immediately 
above which there may be a high percentage 
of cases of poisoning among those exposed. 

“With these facts in mind the Committee 
has set values below which it is fair to ex- 
pect reasonable protection and above which 
it is reasonable to expect that we can have 
occasional cases of poisoning.’’* 
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With so clear a statement of purpose on 
the books, it has always been somewhat 
baffling that several persons speak with bit- 
terness and disdain about the threshold lim- 
its list. In all fairness, it must be ad- 
mitted that the acrimony arises because 
the advice in the foregoing statement has 
frequently been disregarded and some regu- 
latory agencies have not only allowed but 
have assisted the entrance of the threshold 
limits into the sacred and rigid precincts of 
the law. This is an unfortunate resting place 
for a scientific instrument that requires con- 
stant adjustment and calibration. 

A number of excellent papers have been 
written on maximum allowable concentra- 
tions and threshold limits. In the interests 
of progress this panel discussion should be 
more than a review of bibliography. It 
should be a reflection of the opinions of the 
ACGIH-AIHA joint membership and some 
expression of their perspective on the 
threshold limits, their needs and their sug- 
gestions for changes or additions. Accord- 
ingly, a simple one-page questionnaire on 
the value of threshold limits was sent to the 
members of the American Industrial Hy- 
giene Association and the American Con- 
ference of Governmental Industrial Hy- 
gienists (excluding those in foreign coun- 
tries). A copy of the questionnaire appears 
on the next page. 


Response to Inquiry 
NE THOUSAND AND FIFTY questionnaires 
were sent out, of which 340 were re- 
turned by the February 10 deadline. Four- 
teen of these were discarded since they were 
simply courtesy returns with the questions 
unanswered. 
Of the 326 completed forms, the expres- 
sions of “confidence” in the Threshold Lim- 
its were divided as: 


Confidence Number of Replies 
100% 53 
80% 173 
50% 37 
Less than 50% 9 
Qualified 54 
‘Total 326 


The group of qualified answers were es- 
sentially those who wrote they could not ap- 
ply a numerical rating to their reactions to 
the threshold limit values or who said they 


| 


| 
| 
| 
| 

| 


Industrial Hygiene Quarterly 


NEW JERSEY STATE DEPARTMENT OF HEALTH 
BUREAU OF ADULT AND OCCUPATIONAL HEALTH 
17 WEstT STATE STREET 
TRENTON 8, NEW JERSEY 


THE NEED FOR THRESHOLD LIMITS 


(1) How would you rate your confidence in 
the ACGIH Threshold Limits? 
(check one) 
100% __ 80% __ 
Less than 50%__ 


50% __ 


(2) Do you think we need a list of Thresh- 
old Limits? Yes__ No__ 


(3) What standards of performance would 
you prefer? 


(4) When you use or instruct as to the use of 
Threshold Limits, what qualifications or 
reservations (if any) do you advise? 


(5) Other Comments 


(6) May I quote you by name? Yes__ No 


Name 
Title 
Affiliation_____ 


had, for example, 100% confidence in some 
of the values and little or no confidence in 
other values, particularly values for some 
newer substances assigned because of 
chemical or structural similarity to a ma- 
terial with a well-documented value. At this 
point it should be emphasized that many, 
many responses were careful to explain that 
their confidence rating was for the “value”; 
that their confidence in the Committee on 
Threshold Limits was unqualified. 

The question, “Do you think we need 
Threshold Limits?” was answered 


Yes 323 
No s 
Total 826 


In the qualified answers, in the comments 
and in the suggestions for other standards 
of performance, there were many pleas for 
regrouping of data and for additional in- 
formation. These were expressed in many 
different ways but lent themselves to a few 
major headings. There were 103 requests 
that the list indicate whether the value was 
an “injury” value or a “nuisance” or ‘“com- 
fort” value; there were 73 requests for a 
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notation as to whether the value was based 
on animal experimentation or human experi- 
ence; 75 persons desired a short exposure 
value, a one-hour tolerance or a value for 
“peaks”; 32 wanted information on multiple 
exposures, synergism or additive effects; 
and 28 thought the references should be 
printed along with the assigned value. 

These suggestions may be summarized as 
follows: 


Requests for Number 
Comfort threshold 

(nuisance level) 61 } 
Chronic toxicity threshold > 103 

(injury level) 42 
Animal experimentation or 

human data 73 
Short exposure threshold, 

one hour, peaks 75 
Synergism, multiple or 

additive exposures 32 
References on list 28 


Several of these comments and requests 
were embodied in enclosed reprints, long 
letters and telephone calls. With all this ac- 
tive and militant thinking, there should be 
no great fear that threshold limits will be 
applied blindly or that a numerical value 
will ever entirely replace thoughtful, scien- 
tific appraisal of the many factors that must 
be considered concerning the health of the 
worker and the status of the workroom en- 
vironment. Especially, the need for medi- 
cal examination and a determination of the 
general physical condition of the worker 
seem well understood. 


What to be Expected of ACGIH List 

NE pertinent question remains to be an- 

swered. What can logically be expected 
of a list, revised annually, compiled by a 
committee, each member of which is earning 
his living at a full-time job? One of the 
major values of the list is that it is revised 
annually, and new substances added as data 
are forthcoming. The excellent Z37 series 
prepared by the American Standards Asso- 
ciation contains much more information 
than appears on the Threshold Limits list. 
However, of the toxic dusts and gases group 
there have appeared 15 leaflets, the most 
recent of which was entitled, “The Allow- 
able Concentration of Methyl Chloride” 
which was published January 5, 1949. “The 
Allowable Concentration of Benzene” was 
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approved and published January 15, 1941 
and states the permissible concentration as 
100 parts per million parts of air by volume. 
So far as is generally known no revisions of 
this ASA figure have appeared although it 
is commonly agreed that the 1954 ACGIH 
value of 35 parts per million is a far safer 
working figure and one that is practical. 

If it would not unduly burden the Com- 
mittee on Threshold Limits it would be ad- 
vantageous to have a regrouping of the 
listed values according to comfort thresholds 
and chronic toxicity thresholds. And where 
they exist and are easily verified, it would 
be most helpful to have a special group of 
one-hour tolerances or peak short-time per- 
missible exposures. The combined mem- 
bership of today’s audience might give con- 
sideration to the publication of a monograph 
on threshold limits which could very well 
be a compilation of fundamentally sound 
material which has already been published. 
The monograph could include the papers al- 
ready referred to in this article, with per- 
haps several others that are equally well 

No list of values and no amount of re- 
grouping and no increase in the number of 
background references can relieve the indus- 
trial hygienist of the responsibility of ac- 
quiring sufficient education and training to 
do his job properly and to think for himself. 
It seems desirable to add here another refer- 
ence, “Education in Radiation Protection,’ 
the Janeway lecture delivered by Lauriston 
S. Taylor. The words spoken by Mr. Taylor 
while directed particularly to the field of 
radiation exposure apply just as well to any 
industrial chemical exposure. He states: 

“The young radiologist should be educated 
in the background and significance of per- 
missible dosage or exposures and should at 
all times retain a sense of proportion and a 
sense of humor relative thereto. For ex- 
ample, the present permissible exposure for 
the whole body is 300 milliroentgens per 
week (measured in air). This figure was de- 
termined from a limited amount of clinical 
and biological data to which was applied a 
series of well educated guesses, and yet 
we may find a person’s weekly exposure re- 
corded as, say 163 milliroentgens—a figure 
that few, if any, practical clinical instru- 
ments can measure with an accuracy of bet- 
ter than + 10%. Again, if a film badge 
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(accuracy + 20%) shows a reading of 260 
milliroentgens for one week, are we to be 
alarmed? And are we to be complacent with 
a duplicate reading of 200 milliroentgens 
taken in the same place for the same week? 
Actually both readings are the same within 
experimental limits of error and we should 
be alarmed in both cases not primarily be- 
cause the readings differ but because the ex- 
posure in each situation may be unneces- 
sarily high. It is only rarely that working 
conditions at a radiation level far below the 
permissible dosage cannot be obtained with 
but little inconvenience or added expense. 

“The aim should be to see how low a prac- 
tical operating level can be achieved—not 
how high a level without transgressing the 
300 mr per week medicolegal upper limits 
set by radiation safety experts. Even the 
smallest amount of radiation has some ef- 
fect on the living human body. Even if the 
harm is normally undetectable by the in- 
dividual, genetic damage can result from 
single minute exposures. We must prevent 
perceptible harm or damage—we _ should 
minimize the -likelihood of undetectable 
damage even though we cannot eliminate it 
entirely.” 

The fundamental goal should be the im- 
provement of industrial hygiene practice. 
Threshold Limits, however accurate, and 
however well-documented, serve only as a 
guide and a yardstick. No method ever has 
been, or ever can be, devised that will permit 
an exact advance prediction of human haz- 
ard. The closest we can come is human 
judgment. 
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Prepared Discussion 


HENRY F. SMYTH, JR. 
Mellon Institute 
Pittsburgh 


R. SACHS has established that the vast 
majority of our colleagues recognize 
their need for a list of threshold limits. She 
distinguishes between the need of the official 
agencies for a screening device to apply to 
thousands of industrial processes they en- 
counter in field work, and the need of the 
private industrial hygienist for an engineer- 
ing bench mark for planning and evaluating 
environmental control. To satisfy each of 
these needs vapor concentrations must be 
measured under operating conditions before 
the threshold limits values can be useful. 

There is a third group which uses thresh- 
old limits and needs them because nothing 
better suited to the need is available. Every 
one of our profession is a part-time member 
of this group and some are full-time mem- 
bers. Reference is made to the arm-chair in- 
dustrial hygienist. He may never measure a 
concentration and he may never observe an 
industrial operation. He uses threshold lim- 
its to advise upon the selection of a chemical 
for a particular application, to select a suit- 
able application for a little known chemical 
and to bolster sales arguments for a chemi- 
cal or mixture of chemicals. 

When the industrial hygienist is asked to 
advise whether acetone, propyl acetate, or 
methylene chloride would be the safest sol- 
vent in a particular application, it may be 
believed that his answer is based on a pro- 
found knowledge of toxicology, but actually 
he recalls the threshold limits, or refreshes 
his memory by consulting the list while the 
questioner waits on the telephone. Then the 
answer is given as if the list recorded com- 
parative toxicities, perhaps adding a bit of 
qualitative information on fire hazard and 
type of injury from an excess. 

What better data are available for the 
arm-chair industrial hygienist than the an- 
nual list of threshold limits? He must have 
some guidance if he is to do more than toss a 
coin. If he is given a list based on uniformly 
conducted animal experiment, he is deprived 
of the benefit of the years of carefully ob- 
served and evaluated human experience 
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which is recorded in some of the threshold 
limit values. Whether we want him to or 
not, he ( and that includes every one of us at 
times) will use threshold limits as estimates 
of comparative toxicity to meet his urgent 
requirement for finding some basis for opin- 
ion. 

To what extent is he wrong? A threshold 
limit based on comfort, irritation or good 
engineering practices certainly is not com- 
parable to one based on pathological effect. 
But the former limit is certainly lower than 
one based on injury. The error is on the side 
of safety if it is stated that material A has 
a threshold limit based on comfort higher 
than that of material B which is based on 
injury, therefore material A should be used 
in the process. 

No matter which material is chosen it 
will be employed by persons subjected to the 
same degree of industrial hygiene and medi- 
cal scrutiny. By choosing the material with 
the higher threshold limit the probability of 
safe operation has been increased, even if 
the basis on which the choice was made is 
not numerically sound. 

There is one important short-coming in 
this argument which points out an im- 
portant way in which threshold limits do not 
meet the needs of the arm-chair industrial 
hygienist. If the volatility of a material with 
a high threshold limit is greater than that 
of a material with a low limit, then in a 
particular process the less toxic material 
may be more hazardous, because a greater 
vapor concentration will be in the atmos- 
phere. 

I maintain that the list of threshold lim- 
its is our best available source for judg- 
ments on comparative toxicity of vapors to 
humans. It can be improved for this pur- 
pose, but there is nothing better for us to 
use. However, it refers to toxicity, not to 
hazard. It is the single-phased toxicity of K. 
B.-Lehmann. A table of comparative hazards 
would go back to Lehmann’s two-phased 
toxicity by combining vapor pressure (or 
evaporation rate) with toxicity. This table 
of comparative hazards is what the arm- 
chair industrial hygienist really needs. It 
would go a long way toward satisfying all 
of his needs, particularly if it included in- 
formation on nature of injury, on the penal- 
ty for exceeding the limit and on the degree 
of hygienic urgency for observing the limit. 
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Methods of Establishing Threshold Limits 


JAMES H. STERNER, M.D. 


September, 1956 


Medical Director, Eastman Kodak Company 


HRESHOLD LIMITS are based upon in- 
formation derived from many and di- 
verse sources. For each evaluation, data 
developed by many different methods may 
need to be considered and weighed; and 
from this sometimes complicated, often con- 
tradictory, and rarely adequate, complex of 
information, a significant value must be 
developed. 

It is customary to append, as reference 
material, the important published studies 
from which the conclusions were made. In 
these studies, particularly if the author felt 
that his contribution permitted such a judg- 
ment, there is often a proposed threshold 
limit value. Not infrequently, of course, the 
values suggested by different investigators 
may disagree. The group which is charged 
with the responsibility for establishing 
threshold limits must consider, in addition 
to the character of the study, such qualities 
as accuracy, reliability, completeness, and 
purpose—and, a not insignificant factor, 
the reputation of the investigator. 

The subject, “Methods of Establishing 
Threshold Limits,” has a connotation be- 
yond that of the procedures and techniques 
reported in the industrial hygiene literature. 
This has to do with the actual mechanism by 
which a group or a committee is designated 
to act as a body for establishing threshold 
limits, and the principles and practices 
which actually govern the operation of the 
committee. In the present evolutionary stage 
of industrial hygiene, the internal activities 
of this committee must weigh heavily in any 
consideration of ‘“‘methods.” 


Threshold Criteria 


I? WOULD BE worthwhile, if it were possible, 

to record all of the elements of a delibera- 
tion in arriving at a standard. Often, there 
is considerable material, undocumented, 
which plays an important role in the evalua- 
tion, in addition to the published studies. 
This may be limited and fragmentary data 
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from industrial or governmental industrial 
hygiene surveys; or it may be incomplete 
data from animal experiments; or reports of 
cases of alleged intoxication from Work- 
men’s Compensation sources. 

A still less tangible factor, related to the 
experience, training, and critical judgment 
of the individuals performing the evalua- 
tion, is the ability to make a variety of ex- 
trapolations. In one instance this may in- 
volve the estimation of the probable effect 
in man from data developed in one or more 
species of lower animals. The experimental 
toxicology data may be limited to acute or 
subacute experiments; but even if chronic, 
long-term studies have been done, the trans- 
lation from a few years exposure, even 
though a lifetime for the animal, to the long 
span of a working lifetime in man is a diffi- 
cult step. In other cases, the extrapolation 
may be from experimental or clinical data 
developed with one chemical to the probable 
effect of an homologous compound or a ma- 
terial with similar chemical structure. 

The behavior of a substance in other fields 
—as a therapeutic agent, an insecticide, or 
even as a beverage (as in the case of ethyl 
alcohol) may contribute important informa- 
tion. The background of the individuals 
making the judgment, with respect to per- 
sonal experience ranging from animal ex- 
perimentation through long-term clinical 
observation of exposed workmen, with re- 
spect to a practical and critical appreciation 
of the value and limitations of methods 
for making environmental measurements, 
determines the ultimate value with which 
all of these factors, concrete and abstract, 
are blended to form a valid, practical, and 
acceptable threshold limit. The more sub- 
stantial the documented information, the 
broader the sources of pertinent data, the 
less the demand for these intangible factors 
to fill the gaps which are inherent in this 
kind of procedure. 

The absolute test of a threshold limit has 
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not been, and probably will not be achieved 
if the measure of validity is strictly con- 
strued in terms of a completely “safe and 
healthful” environment for the occupational 
lifetime of an individual. Practically, cri- 
teria much less complete are accepted, al- 
though the trend is to the constant improve- 
ment of our methods for evaluating long- 
term and more subtle effects. These more re- 
mote parameters of injury are seen in the 
extreme in the study of radiation effects, 
where consideration is given to such factors 
as shortening of the total life span, and of 
genetic effects involving future generations. 
With the great majority of physical and 
chemical agents, we must be content with 
threshold limits predicated upon less ex- 
tensive and less subtle end-points. 

If threshold limits, even with their pres- 
ent imperfections, are accepted as useful 
and desirable, they must continue to be 
fabricated from information which is some- 
times inaccurate, frequently controversial, 
and always incomplete. In this discussion, 
no attempt will be made to define a pattern 
of acceptability for the various elements of 
evidence which may be considered in estab- 
lishing threshold limits (this might be 
paraphrased as “threshold criteria” for 
threshold limits). This will vary with the 
purpose for which the limits are intended, 
the character of the group making the judg- 
ment, and the need for such standards. At 
this point, it might be suggested that the 
various bodies which are responsible for es- 
tablishing standards, attempt to define in 
general the purposes, criteria for accepta- 
bility, and limitations of their function— 
and perhaps, specifically indicate the basis 
for their judgment in individual instances 
where important factors other than the ap- 
pended reports played a significant part. 
The publication of this information would 
not, of course, still all criticism, but it would 
obviate much of the criticism which is 
based upon unfamiliarity with the manner 
in which a decision is made. It is paradoxi- 
cal, that the greater the need for a thresh- 
old limit (in terms of the numbers of in- 
dividuals actually being exposed, and the 
severity of exposure) the greater the justi- 
fication for accepting a tentative standard 
on inadequate and incomplete information. 
This practice is defensible, of course, only 
if this initial guiding limit is continuously 
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and critically tested by a competent clinical 
study of the exposed people. 


Sources of Information 


‘THE TWO GENERAL sources from which sig- 

nificant information is developed are the 
experimental laboratory where the exposure 
is deliberate, and the actual plant operation, 
where the exposure is incidental (sometimes 
accidental). The establishing of threshold 
limits depends increasingly upon a balance 
of information developed from both these 
areas. The more complete the laboratory in- 
vestigation, the greater the security of the 
tentative standard for plant exposures. The 
inherent uncertainty of extrapolation from 
the experimental data necessarily places the 
final judgment upon the clinical evaluation 
of the exposed workmen. 

Industrial hygiene laboratory methods 
run a gamut from the simple, preliminary 
“screening” procedure using a few small 
animals to a relatively involved, carefully 
controlled, clinical experiment in which 
human subjects are deliberately exposed to 
a toxic agent. The studies with lower species 
should define a range from minimal or no 
effect through severe injury and lethality, 
and should indicate the various physiologi- 
cal and pathological mechanisms of injury. 
The exposure levels for the human subjects 
usually attempt to define levels associated 
with “discomfort,” “minimal,” and “earliest 
reversible” effects. 

There is no formula at present by which 
it is possible to estimate the pattern or 
amount of laboratory experimentation which 
will be required of this component in estab- 
lishing a threshold limit. In general, the 
more novel the physico-chemical properties 
of the agent, the more distantly related to 
other materials which have had industrial 
hygiene evaluation, the greater the amount 
and variety of toxicological procedures 
which must be employed. The direction and 
extent of further studies must be deter- 
mined as the pattern of toxicological investi- 
gation unfolds. The importance of the vari- 
ous routes of absorption, the relationship of 
divided dose administration to the single ef- 
fective dose, the relative primary irritation 
and sensitization potencies, the behavior in 
relation to such factors as species of test 
animal, age, sex, concurrent disease, are 
only a few of the important items which 
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must be considered in deciding the im- 
portance of the role which a particular ani- 
mal study may play. 

Seme of the experimental toxicological 
findings which suggest caution in evaluat- 
ing a study may be noted. A lethal dose 
curve whose slope is gradual may overlap 
the curve of the physiological function upon 
which the threshold is to be based. A scat- 
tered configuration of delayed deaths sug- 
gests multiple effects or secondary pathology 
which may be difficult to evaluate. A sub- 
stance which is a sensitizer or allergen, even 
though indicated solely by skin sensitiza- 
tion tests, may produce systemic or specific 
internal organ sensitization. Marked vari- 
ance with respect to severe injury or lethali- 
ty among several species of test animals, in- 
creases the difficulty of extrapolation. The 
failure to reproduce the disease pattern 
already identified in human subjects defi- 
nitely limits the significance of animal 
studies. Less clearly identified effects, such 
as involvement of the central nervous sys- 
tem, or injury which is not easily reversible, 
such as aplastic anemia, signal caution. 

Experimental methods with deliberate ex- 
posure of human subjects to low levels of a 
toxic agent are finding increasing useful- 
ness in establishing threshold limits. Ini- 
tially, many of these tests were concerned 
with irritation or discomfort levels, and 
although no injurious effects were noted 
in animals exposed to higher concentrations, 
the human experiment values were frequent- 
ly the determining factor in setting a thresh- 
old limit. A possible fallacy in this reason- 
ing lies in the quite common experience of 
finding conditions in plant operations which 
are quite irritating or uncomfortable to a 
person first entering the environment but 
which are tolerated without complaint—or 
even, in some cases, with a positive expres- 
sion of benefit—by the acclimated work- 
men. In such an instance it is difficult to de- 
cide which result is significant, the con- 
trolled short-term study using, usually, sub- 
jects whose experience with industrial con- 
ditions may be very limited, or the testi- 
monial evidence of workmen, especially if 
unsupported by evidence which confirms the 
absence of injurious effects. 

Other applications of the controlled hu- 
man-subject experiments may develop more 
important information. The studies of re- 
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tention of a toxin (with the long-term in- 
vestigations of lead and fluorine as classic 
examples) must play an important role in 
the establishment of threshold limits for 
these substances. The obvious advantage in 
this technique lies in the accuracy with 
which the relation can be established, as 
contrasted with the more difficultly con- 
trolled experience in the plant. More of these 
studies on a long-term basis are needed, but 
the cost in effort and in dollars imposes dis- 
tinct limitations. 

This type of experimental approach is of 
value in determining the earliest (and still 
reversible) changes in certain physiologic 
functions, such as vascular instability as 
measured by blood pressure changes, or 
metabolite excretion, as in the urine sulfate 
partition with benzol absorption. The ob- 
jective, of course, is to recognize a reversi- 
ble, functional change which, if unchecked, 
may lead to permanent injury. A practical 
difficulty may develop as the acuity of test 
procedures increases, since the changes fre- 
quently are not specific for the toxin but 
may occur with many other factors which 
affect the body—as for example, an excess of 
alcohol. On the other hand, special applica- 
tion of statistical methods to group ex- 
posures may make these techniques one of 
the most acute methods of signaling injury. 


Value of Data on Worker Exposures 


‘THE CONCEPT that a careful and compre- 

hensive study of the exposed workmen is 
the most significant factor in establishing a 
threshold limit, merits repetition. In prac- 
tice, however, the number of substances for 
which such complete studies have been re- 
ported are few. A number of factors operate 
against such long-term, comprehensive in- ~ 
vestigations. The cost of an adequate clini- 
cal program, carried on over many years 
and with continuing negative results, re- 
quires the support of an unusually intelli- 
gent and understanding management. The 
development of environmental measure- 
ments so as to be effective for correlation 
with the clinical findings requires a high 
degree of cooperation and planning between 
clinical and industrial hygiene activities. 
And, finally, the job of organizing the ex- 
tensive data, of deciding that the results are 
significant, particularly if they are negative 
in the sense that no injury is found, and 
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of preparing for publication (since there is 
no Journal of Negative Data), demands of 
an investigator courage to the point of be- 
ing foolhardy. 

Of the various types of information which 
can be obtained from actual industrial ex- 
posures, the unsupported testimony of work- 
men and supervisors, even though accom- 
panied by accurate measurements of en- 
vironmental factors, is generally so un- 
reliable as to merit little weight in establish- 
ing a threshold limit. Individuals who are 
unable to tolerate the work conditions, or 
those who have actually become ill and left 
the job, may have been eliminated so gradu- 
ally that recognition of the cause and effect 
relationship may not have developed in the 
remaining personnel. Furthermore, human 
nature is such that under these circum- 
stances the men remaining on the job are 
apt to dismiss the others who left as being 
“too weak to take it.” 

As in the case of planning a program of 
experimental laboratory methods for evalu- 
ating a toxic agent, the in-plant clinical sur- 
vey and environmental analysis must develop 
in relation to the specific hazard. To the 
basic elements in the medical examination 
may be added a variety of special test proce- 
dures selected to detect the earliest changes 
in physiologic function. If little is known 
about the kind of toxic reaction which may 
develop, a “shot-gun’” approach may be 
justified with the hope that one or more of 
the battery of tests will signal a harmful ef- 
fect. As knowledge of the earliest reactions 
to specific agents increases, the selection of 
the most sensitive test procedures becomes 
more practical, and more reassuring. 

The recognition of an occupational dis- 
ease is frequently much simpler than the 
proof that a particular exposure is free 
from any injurious effect. As exposures to 
toxic materials are decreased from levels 
which can injure in a relatively short time, 
a point is reached where the signs and symp- 
toms may develop only after a very long ex- 
posure time, and the disease so mild as to 
challenge the best diagnostic program. We 
can note agrin the studies with radiation, 
where minin:: shortening of the life span 
with relatively low exposures can be demon- 
strated in experimental animals but would 
be impossible to detect, with our present 
techniques, in the human subject. 


283 


Clinical Observations 

HE BROADER the base of the clinical in- 

vestigation which is associated with a 
finding of no injury or no significant injury 
at a particular exposure level, the greater 
the reliability of the conclusion. To the 
critical investigator, however, the job is 
never complete, never without some area in 
the study which could not have been 
strengthened or improved. The period of 
the study can extend into many years, and 
yet the end point can remain uncertain. 

As other techniques are added to the 
evaluation program—such as studies of 
morbidity and absenteeism, reasons for dis- 
pensary visits, and analysis of cause of 
death—the problem of interpretation be- 
comes increasingly complicated. An example 
may be cited in which two young women em- 
ployees in the same small department 
developed leukemia within a few months of 
each other. This occurrence was readily 
accepted as a chance finding because both 
girls had clerical positions with no possible 
exposure to an industrial toxin. Had this oc- 
curred following a common exposure, how- 
ever brief or minor, to a new chemical with 
a long and unfamiliar name, it is quite like- 
ly that medical testimony would have been 
developed, in a Workmen’s Compensation 
hearing, attributing the disease to the ex- 
posure. The effect of the incident might well 
have extended beyond the cost of compensa- 
tion and into the area of threshold limits 
by the publication of a case report. A fine 
discretion is required in recognizing the 
first or isolated instances of injury to a new 
chemical and yet avoiding the inclusion of 
cases solely on legal or social motivation. 

In a study of the long-term effects of a 
solvent, records were kept of the causes 
for dispensary visits. A slightly higher in- 
cidence of gastrointestinal complaints was 
found in the exposed group, and since this 
had been reported previously by others; it 
seemed significant. However, the incidence 
of respiratory complaints was as much 
lower for the exposed individuals. In an in- 
terpretation, it would have been equally 
proper to assume that the solvent vapors 
“protected” the individuals against respira- 
tory disease, and that this beneficial effect 
might offset the gastrointestinal difficulties. 
As might be suspected, when these relations 
were put to the test of statistical signifi- 
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cance, both could have been due easily to 
chance alone. 

A final word is in order concerning the 
methods for developing data by which the 
environment is described—the conditions of 
exposure. As much variability can be, and 
is, encountered with this function as with 
the methods for laboratory experimentation 
and in-plant clinical examinations. The ac- 
curacy and reliability of the analytical tech- 
niques, the relation of the time and site of 
sampling to the true exposure, the presence 
of other agents which might modify the 
single action of the toxin under study are 
some of the many factors which must be 
critically examined in the light of their 
usefulness for correlation with a given set 
of experimental or clinical findings. 

It is obvious that there is no single 
method or pattern of methods which can 
satisfy the varied requirements for estab- 
lishing threshold limits. It is equally obvious 
that even though rigid standards were de- 
scribed which would satisfy a discriminat- 
ing jury of scientists, the available data 
for establishing threshold limits for all but 
a very few substances would fail to satisfy 
such limits. The real use for threshold lim- 
its, as a guide for industry in the control 
of exposures and as a measure for action by 
governmental agencies, demands a con- 
tinuing improvement in the quality and 
quantity of the methods by which truly 
valid criteria may be achieved. 


Prepared Discussion 


HERBERT E. STOKINGER, Ph.D. 
Chief, Toxicological Services 
Public Health Service 
Cincinnati, Ohio 


R. STERNER has discussed the great diffi- 

culties attendant on developing ade- 
quate data for threshold limits, the many 
imponderables in their interpretation, and 
their unsatisfactory and necessarily always 
incomplete nature. All these considerations 
should certainly be thoughtfully considered 
and strongly stressed, because errors in 
judgment cannot be afforded. But lest these 
many considerations seem so formidable to 
many potential investigators as to prevent 
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their needed contributions (which was far 
from Dr. Sterner’s intention) or depress the 
more experienced contributors, it should be 
immediately pointed out that there are at 
least two practical and very helpful means 
of overcoming certain deficiencies inherent 
in the basic data. One is the safety factor, 
the other, the periodic re-evaluation of the 
threshold limit values. The safety factor has 
been built into most of the values in the 
threshold limits list.* The factors 2, 5, 10 
or even greater have been applied to some 
values. There are, of course, some notable 
exceptions, such as the present value for 
trichloroethylene, for which the threshold 
limit is the absolute ceiling, but generally 
such instances are rare. In general, the 
greater the uncertainty in the data’s appli- 
cability to human industrial exposure, the 
larger the factor applied. This lowering of 
the limit value by an arbitrary safety factor 
may at times provoke some controversy, be- 
cause now the value becomes one of opinion, 
not fact. Be that as it may, the safety factor 
incorporated in the air standards gives in- 
creased assurance of safety to many doubt- 
ful values. 

The re-examination of the listed values by 
the committee provides annually for read- 
justment of all values, whatever their sanc- 
tity, upon submission to the committee of 
new and experimentally supported findings. 
Repeated scrutiny and re-appraisal of this 
sort can lead finally only to assignment of 
safe values on which complete reliance can 
be placed. The committee welcomes all such 
information.** 


Need for more Data 


IN THIS CONNECTION another point implied 

in Dr. Sterner’s discussion should be 
strengthened—namely, the need for more 
data substantiating the choice of safe ex- 
posure levels based on industrial experience. 
Much useful information is undoubtedly in 
the files of many plants. Indication of this 
was the fine evidence on six industrial sub- 


*The incorporated safety factor in the threshold limit 
values, although added at times because of uncertainty 
in the value as related to human exposure, often actually 
provides an appreciable margin of safety. For this reason 
the correctness of the term “threshold limit’? may be 
questioned. It might more properly be replaced with “air 
hygiene standard.” 

**Allan Coleman, Chairman Threshold Limits Commit- 
tee, ACGIH, Connecticut State Department of Health, 
Hartford 1, Connecticut. 
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stances derived from many years of plant 
experience that came to light last year at 
these meetings from the presentation of 
Herbert J. Weber.' Others should have 
similar material that should be brought to 
the attention of the Threshold Limits Com- 
mittee. Like Weber’s material, all of it need 
not be novel or presented to show need for 
changing existing limits; equally valuable 
are data confirming existing limits. As never 
before, interest in the value of the control 
of industrial environments is being shared 
by management generally. Greater numbers 
of industrial hygienists than ever before are 
being engaged by industry. Is it too much to 
hope that meetings such as these will orient 
the thinking of properly placed industrial 
hygienists to secure much needed plant in- 
formation to aid in the choice of safe lim- 
its of human exposure? 

The type of information needed may be 
listed as follows: (1) Air concentrations 
should be determined for the substances 
under study through a complete cycle of 
plant operations and with reasonable regu- 
larity in order to obtain a true picture of the 
range and fluctuations of exposure. (2) 
The data should have good accuracy. (3) 
The observations should be carried out over 
a reasonable period of time—a minimum of 
five years. (4) The air concentration data 
should be correlated with a good medical 
program. A pattern for such work is that 
of Dr. Sterner’s 10-year study of workers 
exposure to butyl alcohol.* 

There is a real need for more data based 
on industrial experience. The often-heard 
statement “‘the threshold limits are nothing 
but educated guesses” unquestionably re- 
flects the wish at least that more data be 
firmly based on industrial experience to sub- 
stantiate the choice of limits. As a member 
of the Threshold Limits Committee, I was 
concerned over the statement and took the 
trouble to review each substance in the 
threshold limit list for 1955 as to the basis 
for choice of the level. The results are shown 
in Table I. It is possible that everyone would 
not arrive at precisely the same figures, but 
I believe that their magnitude would not be 
much altered. Although the table shows that 
the educated guesses account for a relative- 
ly small number, it does confirm the often 
expressed feeling of the need for more 
solidly based levels. Table I shows a number 


TABLE I. 
BASIS FOR CHOICE OF THRESHOLD LIMIT VALUE* 


Percent 
Total 
Listings 
(223) 
Animal 94 42 
Industry 51 23 


No. of 


Study Type Listings 


Animal & Industry 23 10 
Man 25 11 
“Educated Guess” 21 
Animal & Man 9 


Source uncertain 3 


*Based in part on Cook, W. A., Ind. Med. 14:936, 1945, 
and from documented material of Threshold Limits Com- 
mittee A.C.G.I.H. 1953-1955. 


of other interesting facts: (1) that most of 
the values have some sort of scientific basis; 
(2) that each level has been documented 
either by Warren A. Cook,* or by the Com- 
mittee on Threshold Limits; (3) that th2 
values based on animal experiments account 
for the largest number, 42%; but (4) that 
values having some industrial basis account 
for 1/3 of the total. 

The values ascribed to the “man” cate- 
gory arise from two sources—that of Nel- 
son, et al, and those more recent publica- 
tions of the Dow Chemical workers, Irish, 
Rowe, Spencer, Adams et al. 


The "Educated Guess" 


A FEW WORDS should be said in defense of 
the “educated guess.” A review of the 
values described as guesses indicates in the 
instances in which sound information has 
later become available that the “guess” was 
remarkably good. Two prominent examples 
only will suffice—hydrogen fluoride and 
uranium. A safe exposure level for hydro- 
gen fluoride was set at 3 ppm on the very 
limited evidence supplied by a study in ani- 
mals by Ronzani in 1909.5 Last year a re- 
port® culminating many years of study of 
fluoride exposure in the aluminum industry, 
involving thousands of air and urine analy- 
sis for fluoride and studies of roentgeno- 
graphic changes in bone, showed without 
question that air levels double the accepted 
limit gave rise to perceptible changes in 
bone in only a few individuals, and only 
after many years of exposure, thus vali- 
dating the wisdom of this “educated guess.” 
In the case of uranium, an engineering 
bench-mark had to be “guessed” at early in 
the days of the Manhattan Project. After a 
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review of the quite limited animal data on 
uranium then available, Dr. Stafford Warren 
suggested that the “safe” exposure level for 
uranium be the same as that for lead, 0.15 
mg/cu.m. After $500,000 and many years 
had been spent in research, the safe levels of 
exposure to uranium compounds were found 
to bracket this value very closely. 


Levels for Cancerigens 
"T HERE is still one group of substances for 
which some method should be devised for 
establishing safe air standards—the indus- 
trial cancerigens. How shall we establish 
the limits for this type of substance? Thus 
far the question has been sidestepped com- 
pletely. As a result, with one exception, 
nickel carbonyl, limits taking into consider- 
ation potential cancerigenicity have not 
been assigned. Several industrial substances 
are known or suspected cancerigens; many 
more are suspect on the basis of animal ex- 
periments. As a suggested method of ap- 
proach, the following is offered: To the level 
judged safe for other types of systemic in- 
jury add a safety factor for carcinogenicity. 
The magnitude of the safety factor is sug- 
gested to be from 100 to 500. This provides 
at least a second power of 10, which, from 
the well-known dosage-response hypothesis, 
provides at least a fourfold longer interval 
before effects may be expected to occur, or 
conversely at least a response with 14 the 
intensity. This manner of approach has been 
used for nickel carbonyl. A tentatively safe 
level for systemic effects from repeated 
daily exposure has been set at 0.1 ppm; one- 


September, 1956 


hundredth this level, or 0.001 ppm was set 
for nickel carbonyl] on the basis that nickel 
poisoning gives rise to a substantial in- 
crease in the incidence of lung cancer. It is 
realized that unfortunately the safe lim- 
its for all industrial cancerigens cannot be 
so readily resolved. This is especially true of 
dye intermediates, such as benzidine and 
naphthyl amines whose major route of entry 
is not commonly via the lungs but through 
the skin and gastrointestinal tract. These 
are laundry and protective equipment prob- 
lems not solvable by air control. 

There are undoubtedly substances to 
which the suggested procedure may not 
strictly apply, but imperfect as it may be, 
the suggested method is felt to be a step in 
the right direction and serves better to curb 
exposures to industrial carcinogens than 
considering the problem too difficult to cope 
with at the present time. 
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Engineering and Chemical Application of Standards 


ALLEN D. BRANDT, Sc.D. 
Bethlehem Steel Company, Bethlehem, Pennsylvania 


HE WHY AND HOw of threshold limits for 

air contaminants have been discussed by 
the preceding speakers. The logical next 
and final consideration is the use or applica- 
tion of these limits in preventing occupa- 
tional diseases, in avoiding complaints from 
exposed employees, in maintaining employee 
efficiency, and in promoting good house- 
keeping. 


To engineers engaged in industrial hy- 
giene, threshold limits provide the reference 
line or bench mark upon which all considera- 
tions and calculations for the control of air 
contamination are based. It is characteristic 
of engineers and of others in the physical 
sciences to want to reduce to numbers the 
problems with which they deal, because only 
then can they be attacked in a precise man- 
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ner. It has never been clear in my mind 
whether engineers enter this profession be- 
cause of their love for and adeptness with 
numbers, or whether they acquire their de- 
sire to work with numbers as a result of 
pursuing the engineering discipline. Nor is 
it important to the subject matter of this 
paper to know which is the cause and which 
the effect. Suffice it to recognize at this time 
that this quality is omnipresent in engi- 
neers, and if industrial health problems 
arising out of environmental conditions are 
to be prevented or controlled, the physiologi- 
cal responses of the industrial employees 
will have to be translated into some physical 
yardstick readily understood by engineers 
whose function it is to regulate the environ- 
ment in the best interests of the worker and 
of production. 

Threshold limits serve several very use- 
ful purposes in the industrial health picture. 
Through careful studies of the air at exist- 
ing operations or in existing plants, they 
permit deciding whether a health hazard is 
present or not, and if present, how severe 
it is. They are quite useful to the discern- 
ing physician in determining whether the 
health impairment of an exposed worker is 
attributable tc his employment, and in this 
respect may exert significant influence on 
the disposition of occupational disease 
claims. 

Where a health hazard from air con- 
tamination has been found to exist, thresh- 
old limits frequently are the guidepost indi- 
cating which avenue of control to follow to 
achieve a satisfactory solution to the prob- 
lem. Having ascertained the avenue to fol- 
low, the threshold limits provide the only 
scientific basis as to how far we must jour- 
ney to arrive at the desired destination. 

Having alluded briefly to the principal 
roles played by threshold limits in industrial 
hygiene, let us now examine each one of 
these more carefully and consider their ap- 
plication in industry. 


Evaluating Potential Health Hazards 
N THIS AGE of mechanization and high 
speed production, there are many places 
in industry where some of the materials be- 
ing handled, consumed, or processed escapes 
into the air. Whether this airborne con- 
taminant constitutes a health hazard de- 
pends upon its concentration in the air 
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breathed by exposed persons as related to 
its inherent harmfulness. The concentra- 
tion of the material in question in the 
breathing zones of employees is capable of 
rather accurate measurement. If the harm- 
fulness of the contaminant is known, also, 
in terms of a safe atmospheric concentra- . 
tion (the threshold limit), the presence or 
absence of a health hazard is apparent. In 
this way threshold limits are applied widely 
in industry to decide where better control of 
the environment is needed and where it 
is not needed. 


Assisting in the Diagnosis of Illness 
N°? INFREQUENTLY, there is a discourag- 
ing duplicity of symptoms manifested 
by persons suffering from different illnesses, 
especially in the early stages. If the symp- 
toms exhibited by an employee are compati- 
ble with those that might be produced by 
the air contaminant to which he has been ex- 
posed as well as with several other stimuli 
of non-occupational origin, comparison of 
the concentration to which he actually was 
exposed with an accepted threshold limit for 
this same material is of inestimable value in 
arriving at the most probable cause of the 
illness. If the exposure exceeds the thresh- 
old limit and the symptoms are indicative 
of illness from such exposure, the occupa- 
tional hazard may well be the cause. If, how- 
ever, the atmospheric concentration of con- 
taminant in the breathing zone of the 
worker has been well below the threshold 
limit, it suggests to the examining physi- 
cian that all other possible causes must be 
explored thoroughly before a diagnosis can 
be made. ‘ 
This application of threshold limits sompe- 
times reaches out into the compensation 
courts. The employee’s personal physician, 
having only the complainant’s description of 
his job rather than factual data to guide 
him in the diagnosis, not infrequently will 
arrive at an erroneous conclusion. Contro- 
versial medical opinions are introduced in 
evidence at the hearing, and the carefully 
measured atmospheric concentration of the 
material in question as compared to the 
threshold limit for this material is the 
only bit of uncontested scientific informa- 
tion that the referee has available on which 
to decide the case. This is not to say that the 
controverted cases. usually are decided on 
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this basis. Other factors, many of which are 
not scientific in nature, play a part in the 
adjudication of such compensation cases. 
Nevertheless, testimony of this kind has 
been helpful in arriving at the truth in some 
cases, and there is hope that an increasing 
amount of importance will be attached in 
the future by compensation courts to evi- 
dence of this kind, as more and more experi- 
ence is accumulated to support the threshold 
limits and as knowledge of this useful tool 
becomes more common in compensation 
circles. 


Control of the Hazard 


T IS in the control of atmospheric contami- 

nants that threshold limits find their most 
important application in industry. The 
judicious use of threshold limits in selecting 
and designing control measures and equip- 
ment will result in satisfactory working con- 
ditions at a minimum in cost and interfer- 
ence with production. Possibly the best way 
to add clarity and reality to this general ob- 
servation is to implement it with conspicu- 
ous examples. 

Given: a production type degreasing op- 
eration in which the parts are cleaned 
mechanically by immersion in a tank of car- 
bon tetrachloride. The tank is provided with 
a local exhaust system, but is so wide that 
considerable of the grossly contaminated air 
at the remote side is spilling into the work- 
room air and nearby employees are exposed 
to vapor concentrations in the order of 
250 ppm. Problem: how best to correct this 
condition. 

Obviously the condition can be corrected 
by rebuilding the exhaust system and in- 
creasing its capacity, or by changing to a 
less toxic solvent. Imagine how insecure 
you would feel in facing this problem if 
there were no threshold limits to guide you. 
You would not have any idea how much re- 
duction in vapor concentration is necessary 
to eliminate the health hazard. Even if a less 
toxic solvent were substituted, there would 
be no way of knowing whether it alone will 
solve the problem or whether improved 


process ventilation is needed, and if an in- 
creased exhaust rate is needed, how much 
increase is required. To be on the safe side 
you probably would change to a safer sol- 
vent and redesign the exhaust system with 
100% capture as your goal. 
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How much simpler it is with threshold 
limits to provide a scientific basis for con- 
sideration. Obviously the exhaust system 
could be redesigned to capture all the vapor 
rising from the tank surface and from the 
withdrawn parts. This would have the seri- 
ous disadvantage of increasing markedly the 
consumption rate of the solvent, carbon 
tetrachloride. Since methyl chloroform has 
physical characteristics very similar to car- 
bon tetrachloride, if it were used instead of 
carbon tetrachloride the atmospheric con- 
centration of vapor would be about the same, 
and since the threshold limit for methyl 
chloroform is 500 ppm, the problem would 
be solved. However, this solution carries 
with it a substantial cost disadvantage, 
methyl chloroform being more expensive 
than carbon tetrachloride. Therefore, let’s 
consider using trichloroethylene or per- 
chloroethylene in place of carbon tetra- 
chloride. It too costs more than carbon tetra- 
chloride, but because of its lower volatility 
the consumption rate will decrease if much 
of the loss takes place via the air entering 
the exhaust system. But what about solving 
the health hazard. The threshold limit for 
trichloroethylene and for perchloroethylene 
is 200 ppm and the vapor concentration was 
found to be in the order of 250 ppm when 
carbon tetrachloride was used. Because of 
the lower vapor pressure of the proposed 
substitutes, the amount of vapor getting 
into the room air will be much’ less and the 
exposure of the workers will be reduced to 
a value well below 200 ppm. Thus by em- 
ploying the yardstick of threshold limits, 
two easy and certain solutions are found to 
this problem without difficulty. 

It may be well to emphasize at this point 
that other important considerations must 
not be overlooked. All factors must be borne 
in mind whenever one is faced with an air 
contaminant control problem. Sometimes 
careful selection of a substitute will not 
not only bring the health hazard under 
control but also will increase the op- 
erating rate, or decrease the consumption 
rate of a process ingredient thereby achiev- 
ing considerable cost advantage as a by- 
product of the change. By way of illustra- 
tion, the slower evaporation rate of per- 
chloroethylene as compared with carbon 
tetrachloride not only minimized the poten- 
tial health hazard at a specific gravity test- 
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ing operation but also resulted in an an- 
nual saving of about $3000 in the cost of the 
liquid consumed. This, in spite of the fact 
that perchloroethylene is much more ex- 
pensive per unit of measure than is carbon 
tetrachloride. ¥ 


Criteria in Substitution 


THE APPLICATION of threshold limits in the 

control of health hazards by substitution 
is such a useful tool that several other ex- 
amples will be cited. 

Solvent degreasers and cleaners are used 
so widely, and frequently so erratically, that 
it is difficult to be certain that adequate 
control precautions are being observed at 
all times, especially if the solvent in ques- 
tion is relatively toxic. For this reason in- 
dustry is engaged in a search for effective 
solvent cleaners which inherently are much 
less toxic than those in common use today. 
Because carbon tetrachloride has qualities 
which make it an exceptionally satisfactory 
solvent from the functional viewpoint, it is 
in constant demand by all operating people 
who are not fully aware of its danger. How- 
ever, reputable jobbers and vendors of pro- 
prietary solvents of all kinds have become 
increasingly conscious of the health con- 
siderations attending the use of their prod- 
ucts and have been selecting their product 
ingredients on the basis of toxicity ex- 
pressed in terms of threshold limits. It is 
heartening to note how commonly the sup- 
pliers of solvent degreasers and cleaners are 
using the valuable yardstick of threshold 
limits to concoct ever safer products to sat- 
isfy the complex degreasing and cleaning 
demands of industry. 

It appears to us that we are on the door- 
step of a new era which will see great ad- 
vances in solvent cleaning safety, thanks to 
threshold limits. It would be remiss at this 
time not to mention that methyl] chloroform 
promises to be the carbon tetrachloride of 
tomorrow. If properly inhibited to prevent 
its corrosive action on certain metals, it 
appears to be the perfect answer for those 
cleaning and degreasing jobs on which only 
carbon tetrachloride has been acceptable in 
the past. 

Threshold limits have played and continue 
to play a key role in the control of the 
hazard associated with abrasive blasting of 
all kinds. Originally, sand was used for all 
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abrasive blasting. This created a serious 
health hazard on the part of the operators 
and nearby employees, and not infrequently 
it posed a serious wear problem on nearby 
machinery which had not been protected 
during the blasting. The problem was soon 
brought under control for most production- 
type blasting by housing such operations in 
well ventilated rooms, chambers or booths. 
In addition, steel grit was substituted for 
sand on most work of this kind if the grit 
was recoverable and reusable. Because of the 
high cost of steel grit as compared with 
sand, it was not readily accepted for work 
in which most or all of the grit was lost. 
More recently, however, several types of 
grit have been placed on the market which 
are by-products of the metal smelting and 
refining industry. While not as economical 
as sand, they are much less expensive than 
steel grit. These substitute blasting grits 
came into use because the probable health 
hazard attending their use is much less 
than is the case with sand, in terms of the 
threshold limits of the ingredients and the 
amounts present. Selection of the particular 
by-product grit to be used on any blast 
cleaning job is made on the basis of avail- 
ability and the probable health hazard as ex- 
pressed by the threshold limits of the in- 
gredients and the amounts present. 

But the application of threshold limits on 
abrasive blast cleaning jobs does not end 
here. Since most blast cleaning jobs are not 
done mechanically in well ventilated booths 
and require respiratory protection for the 
operator, threshold limits enter the con- 
sideration as to the proper respirator to be 
worn. Supplied-air respirators or helmets 
require a supply of air of respirable quality 
under pressure. Consequently for isolated 
jobs where a separate blower or semi-com- 
pressor would be required to furnish air to 
the respirator, conventional dust respirators 
of the mechanical filter type may provide 
adequate respiratory protection depending 
upon the harmfulness of the dust produced 
as determined by the threshold limits of the 
grit ingredient and those of the surface be- 
ing cleaned. In reverse order, of course, sand 
may be used with safety if the blaster can 
conveniently wear a supplied-air helmet 
and a source of respirable air for the res- 
pirator is readily available. 

It must not be inferred from the fore- 
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going that threshold limits per se of a 
process material or the ingredients thereof 
determine the extent of a health hazard. The 
atmospheric concentration of the contami- 
nant in the air to which the employee is ex- 
posed is equally important. But when con- 
sidering a type, or class, of operations in 
which the employee’s exposure does not vary 
tremendously, as a rule, from one operation 
to another, substantial changes in the 
threshold limits of the process material in- 
gredients overshadow the smaller variations 
that take place in atmospheric concentration 
of the contaminant. This is not to say that 
all abrasive blasting operations produce the 
same concentration of dust in the ambient 
air, but rather that, all other things being 
equal, a change in the nature of the blasting 
material will not affect the dust concen- 
tration nearby as profoundly as it will 
the applicable threshold limit, if the sub- 
stitute material is well chosen. For ex- 
ample, it is extremely unlikely that 
steel grit or even a substitute grit pro- 
duced as a by-product in the glass or in 
the smelting industry and containing less 
than 5% free silica would create as severe 
a hazard as does sand in blast cleaning of 
unpainted surfaces. Obviously, if painted 
surfaces are blast-cleaned, a new factor en- 
ters the picture which may well overshadow 
the composition of the grit. However, here 
again threshold limits would be consulted in 
conjunction with the dust concentration to 
determine (1) the severity of the health 
hazard, (2) whether there is any advantage 
in using a more expensive substitute grit, 
and (3) what is required in the way of 
personal protection. 

Threshold limits are especially useful in 
designing for the control of air contami- 
nants in all cases where the sources are of 
such nature, location and distribution as to 
permit effective control by general ventila- 
tion. In the case of solvents or other liquids 
being used in a room, the required ventila- 
tion rate can be calculated very easily if the 
consumption rate of the liquids is known. 
The same is true for particulate matter if 
the rate of dust generation is known, or if 
information is available as to the dust con- 
centration and ventilation rate prevailing 
at a comparable operation elsewhere. By em- 
ploying the threshold limit for the dust in 
question, the ventilation for the operation 
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under consideration can be calculated readi- 
ly, rather than guessing what it should be 
or following some rule of thumb. In all 
existing shops or rooms where air contami- 
nants are present in objectionable concen- 
tration, the threshold limit of the contami- 
nants in conjunction with the current gen- 
eral ventilation rate (which can be meas- 
ured) permits calculating accurately what 
is needed in the way of fans to eliminate the 
objectionable or potentially harmful condi- 
tions. Threshold limits remove much of the 
conjecture otherwise involved in problems 
of general ventilation for purposes of dust, 
fume and gas control. 


Classification of Material for Control Purposes 


EVEN THOUGH it is desirable to consider 
each problem separately, not infrequent- 
ly it is expeditious to set down rules govern- 
ing the control of hazards created by many 
operations that differ considerably in type. 
In such instances the toxicity of the process 
materials and the by-products in terms of 
their threshold limits may be grouped and 
used in conjunction with similar groupings 
of the other variable factors influencing the 
hazard, to arrive at a set of relatively few 
rules to cover the whole gamut of operations 
in question. For example, let us consider 
open-surface tank operations of all kinds, 
whether they be pickling, degreasing, alkali- 
cleaning, painting, plating or other treat- 
ment. By dividing all the materials involved 
in these operations into three groups accord- 
ing to their threshold limits and into similar 
groups on the basis of the other governing 
factors, it was possible to classify all possi- 
ble types of open-surface tank operations 
into four classes as regards the ventilation 
rate required at the tank for adequate con- 
trol of the contaminants released.!:? With- 
out threshold limits to serve as a guide it 
would have been well nigh impossible to 
develop these few rules governing so many 
different materials and operations. 
Similar codification is under considera- 
tion by American Standards Association 
Committee Z-9—Exhaust Systems—for 


other groups of processes and operations 
having like industrial hygiene aspects, as, 
for example, bulk materials handling, sur- 
face coating operations, mechanical cutting 
and abrading operations, and abrasive blast- 
ing operations. Without threshold limits, 
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such codification would be beset with un- 
ending research, consultation and guesswork 
of such magnitude as to make consummation 
dubious and as to place the final result under 
serious suspicion. 


Experience 


HERE is much merit in the proverb “the 

taste of the pudding is in the eating.” 
Therefore, past experience may well be ex- 
amined in the use of industrial hygiene 
standards to prevent occupational illnesses. 
In this respect, the literature is most dis- 
appointing, not because the experience has 
been unfavorable but rather because the 
literature contains few reports of first hand 
investigations into this relationship. The 
one which probably best demonstrates the 
use of threshold limits and the results 
achieved may be found in the report by Mc- 
Connell, et al., on the occupational disease 
experience in the government-owned ord- 
nance plants during World War II.* Since 
it was my privilege to take part in this pro- 
gram from its inception, I can speak of it 
with some feeling. 

When the United States first began am- 
munition production at an increased rate 
about 1940, very little information was 
available on the toxicity of TNT of such na- 
ture that would permit setting a threshold 
limit. 'TNT consumption in the U. S. in 
the period between 1918 and 1940 was es- 
sentially nil and threshold limits were not 
nearly so common as they are now. That 
TNT is toxic was not questioned, for ac- 
cording to the best information available 
about 17,000 persons in ammunition plants 
were poisoned, 475 of them fatally, during 
World War I. It was this sad experience 
coupled with the related problems of absen- 
teeism, inefficiency and manpower shortage 
that led the War Department to undertake 
jointly with the U.S. Public Health Service 
an aggressive industrial health program in 
all ammunition plants. Inasmuch as the 
most serious potential problem was TNT, 
it was decided at the outset to conjure up a 
maximum allowable concentration for this 
substance, the standard to be based on the 
little information available as to its toxicity, 
comparative physiology, and the concentra- 
tion that was known to be achievable by good 
engineering practice. This “educated guess” 
turned out to be 1.5 mg/m, a value still in 
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common use. Reference to the report by 
McConnell, et al., shows how closely the in- 
cidence of illness from TNT paralleled the 
exposure curve. Owing to the tremendous 
scarcity of the equipment needed for engi- 
neering control of the fumes and dust, such 
as motors, fans, and sheet metal for piping 
and hoods, the weighted-average level of 1.5 
mg/m* was not reached until the latter part 
of 1944. However, the fatalities from TNT 
were held to 22 for the entire period of the 
war? and the total number of lost time cases 
was only 56 as of May 1, 1945, the end of 
the report period covered in reference 3. 
The incidence of early symptoms of TNT 
poisoning was quite high, and there is little 
doubt that the number of lost-time cases as 
well as fatalities would have been much 
higher if it had not been for the excellent 
periodic medical examination program then 
in effect in the ammunition plants, especial- 
ly in the loading plants where the exposures 
were the worst. It is interesting to note that 
the case rate of early systemic effects was 
close to 500 per 1000 man years of exposure 
for the first six months of 1943 when the 
weighted average exposure to TNT was 
about 2.7 mg/m*, and about 1/5 of this rate 
for the last six months of 1944 when the ex- 
posure had been reduced to about 1.4 mg/m. 

The control program in the ordnance 
plants during World War II would have been 
inestimably more difficult, and there is 
little doubt in my mind that the final report 
would portray a different story, a much 
sadder one, from that told by McConnell, et 
al., if there had been no standard for TNT. 
In the face of the dire shortages of equip- 
ment needed directly by the Armed Forces, 
and other equipment needed to produce the 
weapons of war, authorization to divert 
some of this material for dust control pur- 
poses would have been out of the question 
in the absence of a threshold limit to indi- 
cate how badly and where such equipment 
was needed. As in many other factors af- 
fecting our daily life, standards are the very 
foundation of industrial hygiene. Without 
them the engineer in this field is placed in 
the same position as the boy who is sent 
to the hardware store by his father to buy a 
“big” bolt. The boy would have as good a 
chance of getting a bolt of the right size as 
an engineer would have of preventing the 
vast majority of occupational illnesses and 
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complaints if there were no threshold limits. 

In conclusion a few remarks are in order 
dealing with the philosophy of and justifica- 
tion for threshold limits, and are added here 
because they serve as a reply to the criti- 
cisms often leveled at industrial hygiene 
standards. 

It is not unusual to hear that these limits 
are useless, if not even dangerous, because 
in the event that the atmospheric concen- 
tration is measured inaccurately, reliance on 
the standards creates a false sense of se- 
curity on the one hand, or needless alarm on 
the other, depending upon whether the 
measured result is in error downward or 
upward. It requires little mental gymnastics 
to realize that this is equivalent to con- 
cluding that there is no sense in asking your 
grocer for a dozen oranges simply because 
he may make a mistake in counting them. By 
definition, threshold limits are those concen- 
trations of contaminants which in the light 
of current knowledge will not cause harm 
to persons exposed continuously day in and 
day out during the normal working hours. 
Reference is to the concentration actually 
existing, not to some value that the investi- 
gator might conclude exists. Concentrations 
can be measured accurately, but to do so re- 
quires skill, understanding, patience and 
energy. It is rather discouraging to note 
how frequently conclusions are based on 
wholly inadequate data. It is not surprising 
either that the concentrations frequently 
“measured” have little relation to the true 
weighted average concentration. 

The philosophy of threshold limits is that 
each one represents a concentration of the 
substance in question that will have no 
demonstrable adverse effect on the health 
of exposed persons. Not all persons react the 
same to stimuli of this nature, but rather 
any given population follows approximate- 
ly an average random distribution pattern 
as regards response to atmospheric contami- 
nants. That is to say, there is an occasional 
person at one end of the curve who is un- 
affected by relatively overwhelming concen- 
trations and there is an occasional person 
at the other end who is affected by extreme- 
ly low concentrations. To prevent any ad- 
verse effect upon every last man may require 
such low concentrations as to be impractic- 
able. The threshold limit is merely a con- 
centration that intersects the random dis- 
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tribution curve at a very low point. How 
low this point is for any substance cannot be 
stated. That it is not the same for all ma- 
terials is obvious, and that it serves to pre- 
vent harm to all but a relatively few is 
cbvious, also. Serious or irreparable damage 
to the occasional person who falls to the left 
of the threshold limit on the random dis- 
tribution curve can be avoided by an appro- 
priate medical examination program. 
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Prepared Discussion 


ARTHUR C. STERN, Chief 
Air Pollution Community Program 
Robert A. Taft Sanitary Engineering Center 
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Cincinnati, Ohio 


N AN ENDEAVOR to safeguard the health of 

the worker and the public from exposure 
to harmful substances, two basically differ- 
ent types of standards have evolved. One 
type—the threshold limit, or maximum al- 
lowable concentration—is the performance- 
type of standard. The other, about which 
little has been said by the previous speakers, 
is the engineering type of standard. 
' To make the distinction between the two 
types of standards more concrete, take the 
specific example of a stave-type tumbling 
mill (Fig. 1) in a ferrous foundry. Into it 
are placed castings with sand both clinging 
to their outer surfaces and in their internal 
cavities in the form of cores. The express 
purpose of placing these castings into the 
mill is to clean them of this sand. The mill 
is, therefore, by its very nature, a device 
designed and operated to cause sand to 
leave the castings and enter the ambient air. 
While it is true that most of this sand will 
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Fig. |. 
Stave mill. 


fall to the floor under the mill, it is equally 
true that a tremendous number of free silica 
particles will become air-borne by the 
process. From the viewpoint of the perform- 
ance standard, it is necessary to keep the 
atmosphere of the cleaning room below the 
threshold limit for free silica by whatever 
means the owner of the foundry may choose 
to employ. 


Engineering Standards 


From THE VIEWPOINT of engineering stand- 
ards, the reasoning is somewhat as fol- 
lows: 

A. It is widely recognized in the foundry 
industry that stave mills are bad dust pro- 
ducers and require enclosure. 

B. The industry, by trial and error, has 
developed a satisfactory type of ventilated 
enclosure (Fig. 2) which not only keeps the 
dust out of the workroom, but also keeps the 
floor below the mill free of much of the sand 
that would otherwise accumulate there and 
have to be carted away. 

C. This type of enclosure, having been 
adopted by most of the industry, should 
therefore become the standard of the entire 
industry. 

D. An engineering standard should there- 
fore be written so specifying this enclosure 
with respect to structure and ventilation 
that any foundryman building an enclosure 
meeting these specifications will achieve 
dust control of his stave mill (Fig. 3). 


Applicability of Standards 
ET US EXPLORE some of the arguments 
for and against each of these approaches. 
Both aim at the same objective—the safe- 
guarding of the worker. The principal ar- 
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Fig. 2. 


Stave mill enclosure. 


gument in favor of the performance stand- 
ard is that it is noboby’s business except the 
owner’s as to how he achieves control of the 
hazard, just so long as he does, in fact, suc- 
ceed in so doing. The corollary argument 
against the use of the engineering standard 
is that there is no positive guarantee that 
once the owner has invested his money in an 
enclosure conforming to the standard speci- 
fication, the exposure of the workers in 
the cleaning room will be below threshold 
limit. 

The same logic can be used to plead the 
case for the engineering standard. The dust 
load in the cleaning room air comes from 
many sources in addition to the stave mills 
(Fig. 4). If some of these sources remain 
uncontrolled after the stave mill has been 
enclosed and ventilated according to stand- 
ard specification, it is entirely possible, even 
probable, that dust concentration in the 
room will remain above threshold despite 
entirely satisfactory dust control by the 
stave mill enclosure. Engineering standards 
thus have the inherent capacity to allow a 
step by step orderly approach toward the 
ultimate goal of achieving below-threshold 
concentrations in all parts of the plant at 
all times. 


New Construction 


ASSUME that a new foundry is being de- 
signed. To apply performance standards, 
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the foundry must first be built, placed in 
operation, and then subjected to air sam- 
pling and analysis. No reputable and well- 
informed engineer would design this new 
plant without seeking the engineering 
standards for the control of dust from the 


SECTION THRU HOLLOW TRUNNION 
TUMBLER 


Duct velocity = SOOOFPM. 
* Entry loss = 20 to 4OVP (depends on design) 
O50VP 
EXHAUST VOLUMES 
Squore mill | 
side diam in | 


STAVE MILL (END SECTION) 


Duct velocity = 3500 FPM minimum 
Entry loss vories with toke -off 0.25 - 


Trunnion 


September, 1956 


cleaning room equipment and applying them 
to the best of his ability. In this situation, 
argument arises, not as to the need for such 
engineering standards, but rather as to 
their accuracy. Should the opening for air 
be 314” or should it be 4”? If the standard 
says 900 cfm, and the de- 
signer is firmly convinced 
that 450 cfm are sufficient, 
he should be prepared to 
back up his independence of 
judgment by later proof 
that concentrations are be- 
low threshold in the com- 
pleted workroom when the 
lower value of cfm is em- 
ployed. 

But what if the designer 
reluctantly makes the ca- 
pacity 900 cfm to conform 
to the standard? Is there 
equal necessity for the 
sponsors of the standard to 
guarantee compliance with 
the threshold limit? The 
difficulty of so doing in the 
possible presence of ex- 
traneous sources of the con- 
taminant that have already 
been mentioned almost in- 
variably makes it impossi- 
ble for the sponsor to un- 
dertake such guarantees. 


Double Jeopardy 


*For lengths over 70" , increase CFM proportionately. 


Fig. 3. 
Tumbling mills. 
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Floor plan showing layout of equipment including stave mills. 


HERE the engineering 

standard is a tool in the 
hands of an enforcement 
agency, the user of such 
standards frequently fears 
that he is placed in double 
jeopardy. He has to comply 
with engineering standards 
with which he may dis- 
agree, and then, having em- 
ployed all such standards in 
every operation, may still 
be not in compliance with 
the performance standards. 
The wise enforcement 


agency will let it be known 
that it will not permit such 
double jeopardy to occur, 
and that any factory owner 
who adheres throughout to 
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the best engineering standards known to the 
agency will not be asked to re-do the job. 
What, then, is the plight of the working- 
man caught in the middle? Is he likely to 
become a pawn, forced to work in an un- 
healthful atmosphere because the sponsor- 
ing agency is unwilling to admit a mistake 
as to the effectiveness of its engineering 
standards? We are indeed fortunate that 
the quality of our engineering standards is 
so high that such cases occur infrequently. 
Where they do occur, they are almost always 
borderline cases with respect to the thresh- 
old limit and are well within the factor of 
safety built into the threshold limit itself. 


Emission Standards 


THE RELATIONSHIP between performance 

and engineering standards for in-plant 
atmospheres has its counterpart in that be- 
tween atmospheric and emission standards 
in the field of air pollution. A major dif- 
ference is that, whereas there are a large 
number of accepted threshold limits for in- 
plant atmosphere, there are almost no stand- 
ards commonly accepted for the outside 
atmosphere. 

The emission standard is very much in 
the same position as the engineering stand- 
ard for in-plant controls in that adherence 
to it by one specific stack does not guarantee 
the cleanliness of the air of the surrounding 
community. Thousands of factories have 
put in-plant engineering standards to the 
test and proven that when every source of 
contaminant release is controlled as specified 
by the applicable engineering standard, the 
result has been to maintain the factory 
atmospheric contaminant concentration be- 
low the threshold limit. Such beautiful 
demonstrations, which are easy when the 
atmosphere in question is confined by four 
walls and a roof, become almost impossible 
to find in the open air over cities and towns. 
However, it is reasonable to believe that 
what works in a small confined space will 
also eventually work in the largest of con- 
fined spaces, that having the inevitable in- 
version ceiling as a roof and four topo- 
graphical or meteorological side walls. 


Standard for the Open Air 
ET US LOOK once again at the principal 
argument for performance standard in 
the in-plant situation, 7.e., that it is no- 
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body’s business but the plant owner’s as to 
how he achieves control of the hazard—so 
long as he does so. Is this doctrine equally 
applicable to the air over a city? It hardly 
seems so. No individual owner or group of 
owners could or would be willing to take the 
responsibility for the maintenance of a 
specified level of contamination of the air 
of the community in which they operate. 
They would quickly recognize the many 
factors over which they do not have the 
same measure of control that exists inside 
the factory building. For them, the emis- 
sion standard is a boon. 

Here the argument is not with the con- 
cept of the emission standard, but with its 
numerical value for a particular installa- 
tion. One of the most interesting develop- 
ments of the past decade along these lines 
has been the fact that public utility power 
plant designers have consistently specified 
equipment for fly ash control to meet emis- 
sion standards much more stringent than 
public regulatory bodies have required. In- 
dustrial foresight and conscience is in this, 
and a number of other industrial hygiene 
and air pollution control fronts, well ahead 
of public regulatory demands. 


Conclusion 


N BOTH these areas, this is the hope of the 

future. The dictum of a Massachusetts 
court of many years ago that the best plants 
in an industry may reasonably be used to 
set the standard for the entire industry 
provides the real key to future progress. 
America is blessed with real industrial 
leadership and statesmanship. Neither in- 
dustry’s leaders and statesmen nor the pub- 
lic will tolerate the acceptance of stand- 
ards which are below the best that industry 
can, by example, provide. 


Summary 


HERE are two general types of standards 

—performance type standards and engi- 
neering standards. The former specify 
threshold limits. The latter specify the per- 
formance of a particular piece of equip- 
ment. Arguments are given pro and con as 
to the relative merits of these two ap- 
proaches to the same objective—the safe- 
guarding of the worker. The engineering 
standard approach is particularly valuable 
in new construction where no equipment 


| 
) 

] 
| 


296 


exists at which to measure atmospheric con- 
centration before designing safeguards. The 
similarity of engineering standards for the 
in-plant situation to emission standards for 
atmospheric pollution control is noted. 


Prepared Discussion 


THEODORE C. WATERS, LL.B. 
Baltimore, Maryland 


HIS COMMENT and discussion of the ex- 

cellent paper presented by Dr. Brandt 
will be directed to the legal aspects of the 
application of threshold limits in the form 
of maximum allowable concentrations for 
the control of air contamination. 

May I identify myself as one who has 
served as counsel for industrial organiza- 
tions; and while my views may be prejudiced 
on their behalf, I feel that the industrial 
point of view is important in our discussion 
of this matter. 

It is needless to say that today industry is 
prepared and wishes to accept full responsi- 
bility for the control of potential hazards 
incident to employment. Simply stated, it 
is good business both from the financial 
standpoint and also in the promotion of 
industrial relationships for employers to 
concern themselves with the protection of 
employees from all types of industrial in- 
juries, be they accidental or resulting from 
occupational disease. The ultimate cost of 
compensation for such injuries may well ex- 
ceed the cost resulting from installation of 
effective methods for engineering and medi- 
cal control, aside from the fact that the em- 
ployer’s relation to his employees is pro- 
moted when employees know that the em- 
ployer is doing everything practical to effect 
protection. 

Question arises to the propriety and ad- 
visability of the adoption of codes of in- 
dustrial hygiene defining maximum allow- 
able concentrations of toxic materials. The 
word “code” is defined as follows: “A 
body of law established by the legislative 
authority of the state, and designed to regu- 
late completely, so far as a statute may, the 
subject to which it relates.” The adoption of 
codes having the full force and effect of law 
is unnecessary, inadvisable, and- may well 
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lead to unfortunate problems of administra- 
tion to which brief reference may be made. 
Under the constitutions of the various 
states and the powers granted to state De- 
partments of Health and state Departments 
of Labor, there exists adequate authority 
for such departments to effectively control 
any hazardous condition injurious to 
health. As a practical matter, there is no 
legal need for the adoption of codes prescrib- 
ing maximum allowable concentrations. It is 
fair to state that state Departments of 
Health and state Departments of Labor 
administering divisions of industrial hy- 
giene have enjoyed the confidence of the 
public, including both management and 
labor, and our several state departments 
have been and are doing excellent jobs in 
the administration of their affairs. There- 
fore, the use of maximum allowable concen- 
trations should be in the nature of serv- 
ing as a guide to industry with particular 
reference to engineering standards. Indus- 
try has and will continue to seek the 
advice of proper state departments to con- 
trol hazardous conditions effectively, and 
the desired objectives will be obtained 
through education and dissemination of in- 
formation through the cooperation between 
state divisions of industrial hygiene and 
industry rather than the attempted enforce- 
ment of a given code as a matter of law. 
Dr. Brandt and Mr. Stern have discussed 
in detail the practical uses of threshold lim- 
its with the purpose of eliminating or con- 
trolling occupational hazards. With all of 
the information presently available to 
science, it is seriously to be questioned 
whether the present schedule of recom- 
mended maximum allowances of concentra- 
tions are scientifically correct. True, they 
represent the best thinking of those scien- 
tists who have studied the problem; how- 
ever, it is a fact that from day to day, indus- 
trial processes are changing, new chemical 
compounds are coming into commercial use, 
and tomorrow some new problem may be 
presented to industry and to public ad- 
ministrative agencies entirely different from 
any that may have been presented before. 
Industry welcomes technical information 


with respect to the existence of occupational 
hazards. They will continue to welcome 
technical advice as to practical methods of 
It must be remembered that in- 


control. 
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dustry seeks the maximum production of 
its materials at minimum cost; and if our 
competitive system is to be retained and 
business is to succeed, bureaus of industrial 
hygiene must assist in the attainment of 
this goal by the simplest and most inexpen- 
sive methods possible. 

No one would contend that it is the duty 
of the hygienist to tell the manufacturer 
how to run his business. Many industrial 
processes are so secretive and complicated 
and developed over an extended period of 
years that it is frequently impossible for an 
industry within a limited period of time to 
rearrange that production process to give 
effect to all of the methods of control that 
the hygienist would recommend. What is 
needed is cooperation between state depart- 
ments and manufacturers, not additional 
laws on our statute books that may be used 
to the prejudice of state departments as well 
as manufacturers. 

There is one other thought which is 
worthy of consideration. Assuming that 
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threshold limits of maximum allowable con- 
centrations are established by law, the ad- 
ministration of such codes may prove to be 
embarrassing to state departments charged 
with their administration and to industry 
at the instance of organized pressure groups 
of representatives of the public, labor 
unions, or possible competitors. Assuming 
the adoption of codes, it is a fact that oc- 
casional violations may occur resulting from 
breakdown in machinery or equipment. Im- 
mediately the manufacturer is placed in the 
position of having violated the law although 
such violation may be absolutely uninten- 
tional and may be readily corrected. State 
Departments of Health and Labor do not 
need to be told by any organized group as to 
what they can or should do in the adminis- 
tration of their functions. Therefore, a bet- 
ter result will be obtained if use is made of 
the information developed by our scientists 
as to permissible concentrations not be- 
cause some law requires this be done, but 
because it is simply good business to comply. 


Encyclopedia of Instrumentation for Industrial Hygiene 


NDUSTRIAL HYGIENISTS and workers in allied fields will be interested to know that 
the heralded encyclopedia on industrial hygiene instrumentation is now generally 
available. The book is divided into seven sections, each of which includes a compre- 
| hensive review of instrumentation in the area being considered, technical papers on 
special problems or types of instruments used, and descriptions of available instru- 
ments, mostly commercially available. The sections include the seven areas of 
instruments: for measuring air contaminants in occupied spaces; for use in labora- 
tories; for air pollution and meteorology; for air velocity and metering; for sound 
and vibration; for ionizing radiations; and for ultra violet, visible and infrared energy. 
: This Encyclopedia brings together in one place a fund of specific information on 
. instruments within the scope of the book. It was produced through the combined 
, efforts of personnel of the University of Michigan, manufacturers’ research directors 
: and designers, authorities in the several areas of instrumentation, and a staff of ex- 
; perts assigned by the U. S. Public Health Service to assemble and edit the contents 
: of the book. The comprehensive reviews include progress in the individual field of 
| instrumentation, problems presented, limitations of present instrumentation, and needs 
, not met by instruments now available. The descriptions of available instruments in- 
2 clude the name of the instrument; name of the manufacturer; intended and special 
7 uses and adaptations; operating principle; physical description; performance data, 
1 such as sampling rate, range, sensitivity; inteferences, limitations and safety hazards; 
price; operating instructions; calibration instructions; maintenance instructions; 

| photographs, line drawings or wiring diagrams; bibliography. 

The material in the book comprises some 1243 pages, 9 x 12 inches, with 1400 il- 
lustrations, charts and diagrams. Copies may be obtained through the University of 
Michigan Publication Distribution Service, Ann Arbor, Michigan. The book is priced 
at $30.00. 


Automatic Instrumentation 


for Air Pollution Monitoring 


A Progress Report on Automatic Directional Air Sampling 


WILLIAM A. MUNROE 
Principal Public Health Engineer 
New Jersey State Department of Health 


ROM THE research laboratories and in- 

strument manufacturers throughout the 
country have come many instruments and 
devices useful in evaluation of contami- 
nants in the outdoor atmosphere. The de- 
signs of most of the currently available in- 
struments follow established scientific pat- 
terns and obey the fundamental laws of 
chemistry or physics. Within their limi- 
tations these instruments are able to assist 
in shedding some light on what is present in 
the outdoor atmosphere. 

In practical application, however, an in- 
vestigator is confronted with one very sig- 
nificant limitation which must be under- 
stood clearly when interpreting field data. 
The contaminants collected or measured 
represent only those which are directed into 
the air sampling intake port or tube leading 
from the outdoor air to the inner workings 
of the sampling or testing device. Unless 
full consideration is given to this funda- 
mental factor, studies of outdoor air con- 
tamination can result in very misleading 
deductions. It remains with the individual 
investigator to employ his instrumentation 
in such manner as to provide reasonable 
assurance that useful, objective data will 
be obtained. 

The many variables, both controllable 
and uncontrollable, which reflect upon the 
validity of samples of air contaminants are 
discussed in a voluminous literature on this 
subject. Generally, it is the objective of the 
person conducting a field study to arrive at 
some conclusion based on a _ preconceived 
notion of the presence of specific air con- 
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taminants. In some instances, the investiga- 
tor may have embarked upon a broad back- 
ground type study to evaluate the nature 
and quantity of air contaminants present 
in the atmosphere. 

One of the more perplexing problems 
faced by official agencies, in New Jersey 
and elsewhere, is that of establishing be- 
yond reasonable doubt that the ground level 
concentration of an air contaminant is 
emanating from a specific point or indus- 
trial source. The determination of the maxi- 
mum concentration of air-borne chemicals 
or other air contaminants at ground level 
has also proved to be a difficult problem. 

Continuous automatic recorders are now 
commercially available for a relatively small 
group of common atmospheric contaminants. 
Experimental continuous recorders are be- 
ing tested in various research projects for 
evaluation of still other forms of air con- 
taminants. Data collected by such continu- 
ous recording methods, when correlated 
with meteorological information, can be 
very useful in determining maximum 
ground level concentrations and pin-point- 
ing sources of certain air pollutants. These 
instruments, morecver, are being designed 
for the measurement of but a very small 
percentage of the common air contaminants 
and few have the specificity required for 
utilization in official agency actions. 

The present state of our knowledge of air 
contamination evaluation forces us to rely 
upon test methods which are based upon the 
analysis of airborne substances collected by 
means of filtration, absorption, adsorption, 
impingement, precipitation, condensation or 
combinations of these methods. Such meth- 
ods generally require long sampling peri- 
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Fig. |. 
Eight point, silver rotary switch installed in 
commercially available wind vane. 


ods; in some instances ranging from 24 
hours to one week. During these long sam- 
pling periods, meteorological conditions in- 
cluding wind direction, speed and relative 
humidity will have varied or completely 
changed in characteristic. Therefore, con- 
centration of contaminants, as indicated by 
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subsequent analysis, represents an average 
concentration at the test site for the sam- 
pling period. It is generally impossible to 
relate the contaminant collected at the test 
site with a point source. The same applies to 
the estimation of the maximum ground level 
concentration down wind from a source. 

Our experiences and the reported experi- 
ences of other investigators have indicated 
that the procedure of chasing a smoke plume 
with mobile sampling equipment is a diffi- 
cult, if not an impossible, method for re- 
liable ground level sampling. 

We in the air sanitation phase of public 
health in New Jersey have the responsibility 
of responding to atmospheric contamination 
complaints made by residents of our state 
and assisting local governments in the legal 
control of air pollution allegedly causing 
health hazards, property damage, discom- 
fort, crop damage, and nuisances. Studies in 
these categories usually imply liability on 
the part of the source and such projects must 
be planned carefully and carried out in such 
manner that there can be no question of the 
validity of the findings and conclusions. 

When field studies are initiated to evalu- 
ate the extent of pollution in the area of 
complaint and to establish source, many 
days or weeks may be spent by around-the- 
clock shifts of field personnel, only to pro- 


Fig. 2 (left): Component parts which make up sampler. Left to right, control unit, rotometer, 
impinger rack, wind speed and direction recorders, anemometer and vane. Fig. 3 (right): Interior 
of control unit showing relays, solenoid values, timers, manual values for calibration of air flow, 
air pump and other circuits for control of sampling conditions. 
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Fig. 4. 
Complete directional sampler unit as set up 
for operation with 55 foot retractable tower. 


duce data which would indicate that no 
logical basis for complaint exists or the 
source cannot be accurately established. 
Residents of the area usually reply with the 
statement, “You should have been here last 
week”; ““You should test when the air is 
heavy,” or “You didn’t test when the wind 
is right.” It is very probable that they are 
correct in these statements. Unfortunately, 
economics prevent the pursuit of long con- 
tinuous studies at one location and the re- 
sult is usually a further irritation to an al- 
ready aroused and confused group of citi- 
zens. Local legal action is impractical with- 
out accurate supporting technical evidence. 

Scores of such experiences, combined with 
our desire and need for a practical method 
for collecting ground level concentrations of 
contaminants under controlled conditions, 
have led us to the development and experi- 
mental application of an air sampling de- 
vice designed to compensate automatically 
for some of the more significant variables. 

Our instrument is basically an automatic 
directional air sampler. It is designed to 
be operated at one test site and to collect 
eight samples, each representing the con- 
taminants carried to the test site from one 
of eight 45° sectors of the compass. The cir- 
cuits can be altered to control wider sectors 
of say, 90°, collected in four receptacles. 
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A wind vane (Fig. 1) tripping an eight 
point switch, sets in motion one sampling 
device corresponding to the direction of the 
wind. The collector device may be filter, im- 
pinger, absorber or other apparatus oper- 
ated off solenoid valves piped to an air line 
manifold or sampling devices operated on 
line current from controlled electrical out- 
lets. Each sampler control is wired in paral- 
lel with a small timer to compute total re- 
spective operating time (Figs. 2 and 3). To 
avoid obvious error due to wind movements 
or velocities below the threshold of sensi- 
tivity of the wind vane, an automatic low 
wind speed cut-off is provided. This circuit 
disconnects the directional samplers and ac- 
tivates a sampler which represents a non- 
directional sample under wind speeds be- 
low one mile per hour. This “still-wind” 


Fig. 5. 
Impingers and high volume filter samples 
mounted on roof of vehicle and operated 
simultaneously under directional control. 


sampler remains in operation regardless of 
the direction indicated by the wind vane. 

Other features which have been included 
in the pilot design or are being considered 
for modifications in this unit are: (1) A 
high wind speed cut-off to stop all samplers 
when air movements exceed a pre-selected 
speed; (2) A control to limit operation of 
the samplers to pre-selected ranges of rela- 
tive humidity; (3) A rainy weather cut-off ; 
(4) A timing device to limit operation to a 
specific time of the day or night. 

Such a combination of automatically con- 
trolled circuits permits a broad pre-selection 
of meteorological conditions under which 
ground level directional samples may be 
taken. 

The entire unit is mounted in a small 
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truck (Figs. 4 and 5) equipped with a re- 
tractable tower for the wind vane and ane- 
mometer. Our brief experience in field op- 
eration has indicated that the time of one 


Fig. 6. 
Rosette plot of concentrations of SO: collected 
at one test site. Suspected source as shown. 
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Fig. 7 
Rosette plot of concentrations of copper col- 
lected at one of three test sites in the neigh- 
borhood of a suspected source. 
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man for about one hour a day is required 
for checking the equipment once it has been 
set up for operation. Security for the equip- 
ment must be taken into consideration. A 
watchman may be necessary to ward off 
small boys and junior space cadets. 

Fig. 6 shows a circular plot of SO, con- 
centrations detected at one location over a 
period of approximately three days. Figs. 7 
through 9 show the results of a series of 
three 4-day studies made at three locations 
around a suspected source of copper-dust 
which was alleged to be causing neighbor- 
hood paint discoloration. Fig. 10 is a com- 
posite of the data from the three test sites 
shown in Figs. 7 through 9. 

Field experiences with the instrument 
have been limited. Each field application has 
revealed mechanical or electrical weakness, 
some of which can be corrected only by a 
complete redesign of circuits. 

To date, no conclusive evidence can be of- 
fered to establish the value of this technique. 
Our experiences have, nonetheless, pointed 
up some of the factors which should be taken 
into consideration in any future develop- 
ment of this approach to ground level sam- 
pling. The following conclusions and recom- 
mendations are offered without deference to 
the availability of suitable electrical or 
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Second test site in series referred to in Fig. 7. 
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electronic circuits to achieve the desired 
end: 

1. Experiments have indicated that dur- 
ing a very substantial portion of sampling 
periods, the linear air movements are below 
one mile per hour. During these periods, 
samples are not taken under directional con- 
trol. If it is reasonable to assume that 
ground level concentrations become greater 
with decreased dilutions resulting from 
lower wind speeds, it would then appear that 
the instrument falls short in failing to pro- 
vide directional data in the area of special 
interest. It appears desirable to explore the 
possibility of obtaining a directional con- 
trol sensitivity at a much lower order of 
magnitude. A directional control having a 
sensitivity on the order of 20 feet per min- 
ute air movement or lower appears to be a 
desirable design criterion. An _ effective 
dampening action: should be provided to 
eliminate rapid fluctuation between sectors. 

2. Completely automatic cut-offs should be 
incorporated into the circuits to suspend 
sampling until all pre-established conditions 
of meteorology are favorable. Favorable 


that is, from the viewpoint of obtaining 
samples which will be reasonably repre- 
sentative of the specific circumstance which 
prompted undertaking of the field study. 

3. Studies to establish the source of an 
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air contaminant are, as a general rule, 
undertaken in built-up neighborhoods. Our 
experiences have indicated that with a mo- 
bile tower 55 feet high supporting the wind 
vane it is almost impossible to avoid inter- 
ference of wind movements caused by build- 
ings or trees of greater height. It is ques- 
tionable if a higher mobile tower would be 
practical. An electronic circuit designed to 
permit installing the vane at a suitable un- 
obstructed location in the general neighbor- 
hood and the sampling unit at the site of 
special interest might be a solution to this 
problem. 

In summary, the directional air sampler 
discussed here has not yet been proved an 
effective tool for establishing the source of 
air contaminants. Experiences with the de- 
vice have resulted in the definition of cer- 
tain design criteria which should be met in 
future development of directional sampling. 
The need is great for pin-point monitoring 
procedures for official agency use. There 
appears to be ample justification for time 
and money spent on further exploration into 
this technique. 


SITE 3 
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Fig. 10. 

Composite plot of concentrations shown in 

Figs. 7 through 9 superimposed over munici- 
pal map. Suspected source is as shown. 
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A Versatile Portable Air Sampler 


H. S. JORDAN and R. N. MITCHELL 
Los Alamos Scientific Laboratory of the University of California 
Los Alamos, New Mexico 


SAMPLER developed at the Los Alamos 

Scientific Laboratory has fulfilled a 
need for a dependable, high vacuum, port- 
able air sampler with the sampling head 
capable of being positioned in the zone of 
interest. The position of the sampling head 
can be varied from approximately four to 
seven feet in height and through a 20° arc. 
Approximately six to eight shop hours are 
required to make the necessary parts and 
assemble the unit. The air sampler was 
developed from a model originally designed 
by O. M. Wisdahl.* 


Description of Sampler 
THE BASIC unit is a Gast pump, Model 

0440, mounted on a cast iron base. Port- 
ability is achieved by the addition of two 
six-inch wheels with rubber tires. The 
wheels are mounted to the cast iron frame 
by an axle held against the frame by rods 
as shown in Fig. 1. Bushings must be fitted 
in the wheels when using 14-inch axle. To 
move the sampler, it is only necessary to 
tilt the unit by means of the sampling tube, 
which serves as a handie. The unit, when 
at rest, is maintained in a level position by 
a rod of suitable length attached to the 
front of the base. 

The air sampling train is shown in Fig. 
1. The connections from the pump are 4- 
inch brass pipe fittings. The 14-inch globe 
valve provides a means of adjusting the air 
flow. For our use, the sampler is regulated 
to provide a 2 cfm sampling rate. The air 
flow measuring device is a Magnehelic 
gauge, reading one to four inches of water, 
tapped across an orifice tube. A small glass 
capillary tube is inserted in the tubing to 
the Magnehelic gauge to dampen fluctua- 
tions in the gauge. 


This document is based on work performed at the 
Los Alamos Scientific Laboratory under the auspices of 
the Atomic Energy Commission. 

*Formerly with Rocky Flats Plant, Dow Chemical 
Company, and now with Boeing Airplane Company. 


A dependable high vacuum portable 
air sampler with means for positioning 
the sampling head is described in detail. 
The description would enable the average 
small shop to fabricate the unit without 
undue difficulty. The sampler has been 

| in successful use over a period of twelve 
| months. 


The orifice tube is constucted of brass 
tubing (%3” O.D. - .065” wall) with ap- 
proximately a 14-inch orifice. It is con- 
nected to the telescopic sampling tube by 
rubber tubing. The details of the telescop- 
ing sampling tube are shown in Fig. 1. The 
packing gland for the telescoping tube is 
constructed from a %-inch brass pipe cou- 
pling and a %- to 44-inch brass reducing 


Portable Air Sampler. 
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Fig. 2. 


bushing. No modification is required on the 
coupling except that the copper tube is 
silver-soldered to the coupling instead of 
having a screw connection. Also, to enable 
the bushing to compress the O-rings with 
only hand tightening, it is necessary to 
loosen the screw fit between the coupling 
and bushing by running a %-inch pipe tap 
into the coupling. The 1%4- to 44-inch bush- 
ing is modified by drilling out the internal 
threads so the %-inch copper tubing will 
slip through smoothly, and by the addition 
of two small rods as handles for tightening 
the packing gland. 

The packing gland consists of two O- 
rings between steel washers. The end of 
the 14-inch tube is bent at a suitable angle 
and fitted with an adaptor to hold a filter 
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paper holder or a cascade impactor. Details 
in Fig. 1 indicate the manner in which the 
sampling tube is mounted to the unit. 

The sampling head is positioned by ad- 
justing the length of the sampling tube 
and by adjusting the position of the alu- 
minum tube on the aluminum rod by means 
of the pin. The aluminum tube and rod 
form a handle for lifting and carrying the 
sampler. 

The galvanized iron, sheet metal guard 
over the exposed shaft of the motor and 
pump serves as a mounting plate for the 
Magnehelic gauge and electric cord holder. 
An over-all view of the completed sampler is 
given in Fig. 2. 


Discussion 


‘THE SAMPLER has been in use at the Los 

Alamos Scientific Laboratory for twelve 
months. Little difficulty has been experi- 
enced with the unit when oil levels were 
maintained properly. Lint from the filter 
paper collects on the wire strainer installed 
in the pump intake port. When sufficient 
material collects, the pump operates at a 
very high vacuum and excessive oil is blown 
through the pump. This screen should be 
removed or cleaned at rather frequent in- 
tervals. 

The sampler can be adapted for breath- 
ing zone sampling by utilizing a rubber 
tubing with suitable attachments for hold- 
ing a sampling head and for connecting to 
the sampling tube of the unit. 


Position Available 


AN BERNARDINO County, California, has an opening for an Air Pollution 

Control Officer. The Officer is to have full responsibility for the de- 
velopment and management of the program of the Air Pollution Control 
District. Starting salary is $647.00 a month; maximum salary is $786.00. 
Applicants must have education and experience equivalent to a college 
degree with a major in engineering, and four years experience in any 
one, or combination, of the following: air pollution control, industrial 
hygiene engineering, public health engineering, or similar fields. Applica- 
tions and further information may be obtained from the Department of 


Civil Service and Personnel, 236 Third Street, San Bernardino, California. 
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Determination of Internally Deposited 
Radioactive Isotopes from Excretion Analyses 


WRIGHT H. 


LANGHAM 


Los Alamos Scientific Laboratory, University of California 


Los Alamos, 


PPLICATION of excretion analyses to the 

quantitative estimation of total body 
burden requires that one have prior knowl- 
edge of the relationship between total body 
burden and excretion level as a function of 
time after exposure. In other words, one 
must know the excretion rate, preferably 
the excretion rate by man, of the material 
in question. 

The excretion rate of specific radioactive 
nuclides by man is not always available, 
which necessitates the use of data collected 
from experimental animals. Extrapolation 
of animal data to man is subject to con- 
siderable criticism. There is no way to 
circumvent such criticism, however, until 
adequate experimental data 


New Mexico 


ally customary to express urinary and/or 
fecal excretion as simple exponential func- 
tions of time. In this way the convenient con- 
cept of biological half-time of materials in 
the body may be employed. The calculations 
of values for maximum permissible body 
burdens given in Handbook 52 of the Nation- 
al Bureau of Standards! and in the Recom- 
mendations of the International Committee 
on Radiation Protection? embody the con- 
cept of the biological half-time and thereby 
assume simple exponential excretion with 
time. 

This concept assumes that once the ra- 
dioactive material enters the body it is 
retained in a single compartment or that 


have been collected from 10°98 
h bjects. 
uman subjects 


Urinary Excretion 


RINE ANALYSES are uSu- 
ally used as the basis 
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4 Mouse No.la Wt. 26.3g, Ave.daily HO intake 70g 
© Mouse No.2a Wt 266q, Ave.daily HO intake 6.5g 
© Mouse No.3a Wt. H,0 intake 7.39 


for the determination of 


Integrated dose opprox rep in first I5 doys— 


total body burden although 
theoretically fecal analyses 
may be used once the re- 
lationship between total 
body burden and the fecal 
excretion rate estab- 
lished. Fecal analyses are 
seldom used, however, be- 


1.9 doys 


Activity in woter of 


combustion of dry tissue. 


Tolerance Level (O3rep/week) 
Assuming 30% of tissue is dry wt eBrain 
Xo and 8% of dry wt is hydrogen ond ¢ Shin 
specific octivity in body woter is gMuscie 
v < 5% of thot in dry tissue 
kidney 
Troct 
Liver, 


cause of the greater diffi- 
culty and inconvenience of 
collecting a sample repre- 


TRITIUM ACTIVITY (AS HTO) IN Ss pC/LITER 
ro) 


Tissue 
pan 8 Woter 


use proc- 
essing the samples is usual- 
ly much more difficult than jo] | | | | , | | 
for urine specimens. f°) 10 20 30 40 50 
For mathematical con- THE, 
venience, or because of lack Fig. |. 


of adequate data, it is usu- 


Fixation and excretion of tritium by the mouse. 
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of tritium cannot be repre- 


{sented by a single exponen- 

MO FECA, EXTON tial over infinite time. Un- 

der these conditions the de- 

ton + burden from a single urine 

| analysis can be certain only 

_ excretion curve (over the 
gE hots he | | | 4 period of interest) and the 
| | time between exposure and 

(as in the example given 
E | | 3 above) the assumption of 
| | +4 simple exponential excre- 
pars ous error. In the case of ex- 

Fig. 2. posure to HTO, the size of 


Urinary and urinary plus fecal excretion of plutonium (over 5 years) 
administered intravenously to man. 


the rate of elimination from one of several 
compartments controls the overall excre- 
tion rate. In many cases experimental data 
indicate that these assumptions are not 
strictly true, over infinite time, even for 
materials for which the elimination process 
may seem on first appearance to be rela- 
tively simple. 

Fig. 1 shows the urinary excretion of 
tritium by the mouse following a single in- 
jection of a relatively high dose of tritium 
in the form of HTO.* These data show that 
the tritium was excreted as a simple ex- 
ponential with a half-time of 1.9 days until 
the activity in the urine had dropped to 
approximately 0.1% of the original value, 
beyond which the urinary excretion rate 
became slower, the biological half-time 
changing to approximately 12 days. Thomp- 
son,*-* has followed the excretion rate of 
injected tritium still further and has dem- 
onstrated the existence of tritium compart- 
ments in the body with biological turn-over 
times of 90 days or longer. It is reasonable 
to assume from the data in Fig. 1 that the 
1.9-day half-time represents the rate of 
elimination of tritium from the body water 
compartment and, therefore, represents the 
rate of turn-over of the total body water. 
The longer biological half-times represent 
the mobilization and excretion of tritium 
that has exchanged with organically-bound 
hydrogen of the tissues. These data dem- 
onstrate clearly that the rate of excretion 


the body water compart- 
ment is so large, compared 
to those compartments with slower turn- 
over times, that the tritium in the total body 
water comprises the major contribution to 
the total radiation dose. It is not likely one 
would build up enough tritium activity in 
the organic components of the tissues to con- 
tribute significantly to the total dose before 
the source of contamination was discovered 
and corrected. 

Plutonium, unlike tritium, is a material 
for which the rate of urinary and fecal ex- 
cretion continues to change with time. Fig. 
2 shows the percent of the original dose of 
plutonium excreted per day by human sub- 
jects as a function of days after exposure, 
over a period of five years.® 

These data show that about 0.8% of the 
intravenously injected dose was excreted 
on the first day and that only during finite 
periods of time could the excretion curves 
be represented by simple exponentials. 
Even after five years the rate of elimina- 
tion of plutonium from the body still seems 
to be changing. For calculating integrated 
radiation dose and diagnosing body burden 
the excretion rate of plutonium over long 
periods would appear to be expressed most 
conveniently as a power function of the 
type 

(1) 
where Y is the excretion rate in fraction of 
injected dose excreted per day, t is the time 
after exposure in days and a and ¢ are con- 
stants. 
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One might justifiably ask why such data 
are not expressed as a series of exponen- 
tials in preference to the power function. 
The choice of expression depends on the 
specific application of the data.* If one is 
interested in applying the data to a study 
of the fundamental processes that take place 
in the body, i.e., analyzing the system in 
terms of compartments and rates, assuming 
first order kinetics, then mathematical anal- 
ysis leads to exponential expressions. In an 
analysis of this kind the power function 
has no simple meaning. If, however, one is 
interested in applying the data over long 
periods of time to make calculations and 
estimates in problems similar to those from 
which the original data were obtained, the 
power function has certain advantages. It 
can be integrated and differentiated easily 
which, in the specific case of internally de- 
posited radioactive isotopes, facilitates the 
calculation of integrated radiation dose and 
the prediction of body burden from excre- 
tion data. 

On the basis of the above general power 
function expression, the best curves of fit 
to the data shown in Fig. 2 were estab- 
lished and constants a and c evaluated using 
a method of successive least squares ap- 
proximations. The specific expressions for 
the rates of urinary and urinary plus fecal 
excretion of plutonium by man over a per- 
iod of 5 years are 

= 0.002 (2) 
¥ 0.0079 t-9-94 (3) 


where 7 and i , is the fraction of the 


injected dose of plutonium excreted per day 
in the urine and the urine plus feces, re- 
spectively, and t is the time after exposure 
in days. 

It should be emphasized that the errors 
in the constants of the expressions may be 
of the order of 10%. Integration of Equa- 
tion (3) for urinary plus fecal excretion 
between limits of 0.5** and x + 0.5 gives 
the total excretion of plutonium over time 
t = x. The data in Table I show the total 
amount of plutonium excreted during per- 
iods of time ranging from 10 days to 50 
years. The calculated values agree very well 


*The author is indebted to C. J. Maletskos and Dr. 
E. C. Anderson for a major part of this interpretation. 

**Arbitrarily chosen as a lower limit of integration 
because the power function is divergent for small values 
of t. 


TABLE I. 

INTEGRATED VALUES FOR URINARY-FECAL Ex- 

CRETION OF PLUTONIUM IN PER CENT ADMIN- 
ISTERED DOSE AT VARIOUS TIMES 


Amount of 


Days after Years after Pu Excreted (in 
Injection Injection % Administered Dose) 
10 2.5 
20 3.2 
22 3.3 
30 3.7 
60 4.5 
90 5.0 
120 5.4 
150 5.7 
180 5.9 
210 6.2 
240 6.3 
270 6.5 
300 6.7 
330 6.8 
360 1 7.0 
720 2 8.1 
1080 3 8.8 
1440 4 9.3 
1800 5 9.7 
3600 10 11.1 
5400 15 12.0 
7200 20 12.6 
10800 30 13.6 
18900 50 14.6 


with the experimental data. From the val- 
ues in Table I it appears that the concept 
of a biological half-time cannot be applied 
in the case of plutonium and solution of 
the integrated expression for the 50% ex- 
cretion time suggests that about 200 years 
may be required for man to eliminate one- 
half of his body burden. 

The fractional retention of plutonium 
(R,) at the end of any time t may be ob- 
tained by subtracting the integrated ex- 
pression for fractional rate of excretion 
(Equation 1) from unity, in accordance 
with the following expression: 

a 
R, = l-a | t‘dt = 1- ——- t" + C (4) 
(1-c) 

According to the above mathematical ex- 
pression, total retention becomes negative 
for very large values of t, which is physi- 
cally impossible. This apparent discrepancy 
arises because the value for c in the excre- 
tion equation (Equation 3) is <1l. The 
mathematical divergence, however, occurs 
far beyond the point of biological interest 
since the retention becomes negative only 
at t > 10°° days. 

For a large number of other materials 
body retention and urinary and fecal ex- 
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cretion as functions of time fail to conform 
to single exponential expressions over the 
entire period of interest. Outstanding stud- 
ies of the retention and excretion of radium 
by man were reported by Norris, Speckman 
and Gustafson.‘ They were able to measure 
the amount of radium administered and 
retained by patients in the Elgin State 
Hospital, Elgin, Illinois, who were given 
several weekly injections of radium chlo- 
ride in 1931. 

On the basis of assumptions drawn from 
animal experimental data they expressed 
the retention function for radium in man by 
a general power function of the type 

(5) 
where R, is the fractional retention of 
radium t days after injection, A is a con- 
stant which is equal to the fraction of the 
injected dose retained when t is equal to 1, 
and b is a constant. When they applied 
the above expression to their data they ob- 
tained the following specific expression for 
the retention function of radium in man: 

R, = 0.54t-9.52 (6) 
Differentiation of Equation (5) with re- 
spect to time gave the expression: 
dR, 
—— = (7) 
dt 
dR, 


in which is the rate of change in 
dt 
fractional retention with time. The expres- 
sion is negative since the fraction retained 
must always decrease. As excretion is the 
rate of change of retention and is con- 
sidered positive when retention is decreas- 
ing, the rate of fractional excretion, pre- 
t 
viously defined as Y, is equal to - —— and, 
dt 
therefore, 
(8) 
Their substitution of the appropiate con- 
stants from Equation (6) into the differ- 
entiated form of the retention function 
gave 


Y = 0.28t1-52 (9) 
as the expression for the fraction of the 
injected dose (Y) of radium excreted per 
day as a function of time. The similarity 
between Equation (3) for the rate of ex- 
cretion of plutonium and Equation (9) for 
radium is evident. 


September, 1956 


A better way of comparing the excretion 
and retention of substances for which the 
functions are known is to compare their 
coefficients of elimination (i.e., the fraction 
of the total retained body burden excreted 
per day). 

Norris and co-workers® derived the co- 
efficient of elimination by dividing Equation 
(8) by Equation (5), as follows: 

dR, 


dt Abt: b 
= — = 0.52t! 
At” t 
A comparable calculation of the coefficient 
of elimination of plutonium gives 


Y 


u+f 


R, 

Because of the uncertainties in the con- 
stants for the excretion equation (of the 
order of 10%), the above expression was 
derived empirically by solution of the ex- 
cretion and retention equations using vari- 
ous values for t up to 10* days. These values 
were plotted and Equation (11) obtained 
by a least squares fit. The fitted curve was 
found to have a slope approximately equal 
to -1. It may be shown mathematically that 
the ratio of excretion rate to retention may 
be represented by an infinite series in which 
t! appears in the first term and succeeding 
terms may or may not be neglected, de- 
pending on the absolute values of c and a. 

Comparison of the coefficients of elimina- 
tion for radium and plutonium shows that 
the fractional rate of elimination of the 
retained body burden of plutonium is only 
0.016 that of radium, even though the frac- 
tional rate of excretion on the basis of 
injected dose appears to be significantly 
larger at later times. 

It is possible also to develop expressions 
for coefficients of urinary and fecal elimi- 
nation in the manner used in Equations 
(10) and (11) when expressions for the 
rates of excretion are known. The specific 
expressions for the coefficients of elimina- 
tion of plutonium, based on the excretion 
data shown in Fig. 3 (ref. 6) for the first 
138 days, are as follows: 

—— = 2.3 x 10°t-0.76 
R, 


(10) 


= 85 x 10°" (11) 


(12) 


Industrial Hygiene Quarterly 


809 


over the entire period of in- 
terest. From either excre- 


ie Observed Meons for Urinary, Fecal ond 
r tion or retention data, it 
n is possible to develop ex- 
and excretion functions and 
" 1” the co-efficient of elimina- 
n 2 tion of any systemically- 
deposited radioactive ma- 
; terial. These expressions 
‘= provide a basis for the 
ove determination of total ex- 
) posure and/or retained 
‘al dose from excretion analy- 
t sis and a_ knowledge of 
| + the exposure conditions. 
yaaa They also provide a basis 
) Urinary, fecal, and urinary plus fecal excretion of plutonium (over meres ‘sormniastile levels. 
138 days) administered intravenously to man. P 
Determination of Body Burden 
e —— = 6.2 x 10°¢-1.08 (13) IF THE EXPRESSIONS for the fecal or uri- 
S R, nary excretion of any radioactive mate- 
- ¥a ¥, rial is known, it is possible to determine 
- where — and — represent the fraction of the degree of exposure from excretion anal- 
S R, R, yses. In the following discussion the ex- 
| the retained body burden excreted per day pressions developed from the data given in 
3 in the urine and feces, respectively. The Fig. 2 are used to demonstrate general 
] slope constants for the coefficients of uri- methods for the determination of body bur- 
t nary and fecal elimination are not equal den from urine analyses following single 
y to each other and not eqeual to -1 (as in acute, variable chronic and chronic invari- 
1 the case for the coefficient to total elimina- ant exposure, when the urinary excretion 
4 tion shown by Equation (11), because the fails to follow a simple exponential pattern. 
- urinary to fecal excretion ratio is chang- Determination of body burden following 
; ing with time. single acute exposure occurring at known 
- It is possible, however, to develop an_ time. Following a single acute exposure oc- 
; equation for the variation of urinary to curring at a known time the body burden 
2 fecal ratio with time by dividing Equation of plutonium (D,) at the time of exposure 
r (12) by Equation (13). may be calculated from the assay of a 24- 
2.3 x 10-%t-9.76 hour urine specimen collected t days later 
= = (14) —susing Equation (2). If 


6.2 x 10-3t-1-08 
Solution of the above expression for t = 10 
days and 10,000 days shows that the uri- 
nary to fecal excretion ratio for plutonium 
varies from 0.37 to 7 when extrapolated 
over a period of about 30 years. 
The above treatment of the relation be- 
tween excretion and total body burden of 
) plutonium and radium provides a general 
; method of approach to the problem of the 
internal radiation hazard associated with 
body deposition of radioactive materials 
when the excretion and retention functions 
cannet be expressed as single exponentials 


Y, = 0.002t-°.74 
and 
U 
De 
where U is the amount of Pu found in a 
24-hour urine sample at time t, then 
D, = 500 Ut?-74 (15) 
Substitution of the proper values for t 
and U gives the total body burden at the 
time of exposure in whatever units (c/m, 
d/m, pe, or wg) are used to express U. 
Likewise, the retained body burden D, at 
time t following a single acute exposure 


i 
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may be calculated from the coefficient of 


urinary elimination given by Equation 
(12), since 
U 
D, 
= —- = 2.3 x 10-3t-0.76 
R, R, 
then 


D, = R,D, = 435Ut®.76 (16) 
in which the retained body burden is again 
expressed in the same units as U. 

Determination of body burden following 
variable chronic exposure of known dura- 
tion. The exposure dose received by an in- 
dividual as a result of chronic variable ex- 
posure of known duration (i.e., the time 
worked since the last negative urine assay) 
may be approximated from the assay of a 
single 24-hour urine specimen by the same 
expression used for acute exposure occur- 
ring at known time. See Equation (15). One 
may assume that the individual obtained 
all of his body burden on the first day of 
exposure in which case t becomes the 
elapsed time from the beginning of work 
to the time of collection of the urine sam- 
ple. 

Unless the individual actually did ac- 
cumulate his body burden on the first day 
of work, such an estimate will be too high. 
One may assume also that the body burden 
was obtained on the last day of work in 
which case t becomes the elapsed time be- 
tween the last day of work and the time of 
collection of the urine specimen. In this 
case the estimate may be too low. One may 
also average the results obtained on the 
basis of the two assumptions made above. 
The average result, of course, has the great- 
est chance of carrying the smallest error. 

A somewhat more exact method of esti- 
mating the exposure dose following chronic 
variable exposure is based on the assay of 
two 24-hour urine samples collected suffi- 
ciently far apart (with no exposure in be- 
tween) to give significantly different re- 
sults. 

This method is based on the assump- 
tion that the exposure dose may be repre- 
sented by a single effective dose occurring 
at some effective time intermediate to the 
limits of exposure. 

If D, is taken as the effective dose then 
the radioactivity excreted in the first urine 
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sample collected q days after the effective 
exposure is 
U, = 0.002D,q°-74 (17) 
and the radioactivity in the second urine 
sample taken q + a days after the effective 
exposure is 
Dividing Equation (17) by Equation (18) 
and solving for q gives 


a+a 
q then is the effective time of exposure, 


and its substitution in Equation (17) gives 
the effective dose, D,, as follows: 


a -0.74 
U,, = 0.002D, U. 135 
at+a -1 
0.74 
D, = 500U a 
U, 1.35 
ete -l (19) 


The above expression gives an approxima- 
tion of the body burden at time q. The 
body burden is given in the same units as 
and and is expressed as a single 


effective dose occurring at some effective 
time intermediate to the limits of exposure. 
A similar treatment of the problem of 
determining retained body burden follow- 
ing chronic variable exposure can be made 
starting with the coefficient of urinary elim- 
ination expressed by Equation (12). 
Determination of body burden following 
chronic invariant exposure. Chronic invari- 
ant exposure to radioactive materials might 
be expected to occur under conditions where 
air concentrations are rigidly controlled, 
the work is highly routine and the nature 
of the material being worked with is such 
that it is more or less uniformly distributed 
throughout the atmospheric environment 
(as for example, a radioactive gas). 
Although Equation (2) for the urinary 
excretion rate of plutonium is used as a 
basis for the following theoretical treat- 
ment, it is probably unrealistic to expect 
the results to have much practical applica- 
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tion to plutonium processing, where the 
material is not usually distributed uniform- 
ly throughout the working environment. 

Starting with the equation for the uri- 
nary excretion rate of plutonium following 
a single dose Equation (2) 


—— = Y, = 0.002t-74 

Dy 
and letting m = time of exposure in days, 
n = days from the beginning of an ex- 


posure to the time a urine analysis is made 
with n > m (preferably by more than 10 
days), and assuming a constant daily ex- 
posure D,,, then the counts per minute in 
the urine excreted on day n is: 

U, = .002 D,, [n-0.74 + (n-1)0-74 4 

(n-2) -0.74 + (n-m+1)~°-74], 
The bracketed term is similar to the in- 
finite series r‘' with the limiting values 
(n-m+1) and (n) andt =~ -0.74. It may 
be evaluated by the following equation: 
T, 


U, = .002 D,, (T, + Z)%74 dZ 


0 
where Ty) = %, T; = m+ %&, and Ty = 
n - m, the value % is used because the 
series diverges badly as T. > 0 and n = m. 
Solution of the above expression gives 


.002 
U, Di 
0.26 
[ (Ts + ) 0-26 + Ty) 9-26] 
or 
U, = 130 Dy (n+ (n-m+¥4) 29), 
Since "D,, = m D,, = total exposure dose, 
then 
130 m U, 
*D,, = (20) 
(n + 1%4)°26 (n-m + 14) 9-26 


Evaluation of the series shows that the 
formula is good to two parts in 50 for 
r = 1, and to better than one part in 1000 
for r > 5. 

A specific example of the application 
of the above dosage calculation is given 
below, using the expression for seven ex- 
posure days per week. In fact, the seven- 
day exposure formula may be valid for 
either the five or six-day week. Such would 
be the case if one considers that absorption 
from the lung is the primary source of 
contamination and that the equilibrium be- 
tween the alveolar and blood plutonium 
concentration is not radically altered by the 
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one or two-day period of no exposure each 
week. 

For purposes of presenting a specific ex- 
ample one may assume the following con- 
ditions: 

Duration of exposure (m) = 330 days 

Duration of time from beginning of 

exposure until urine sample taken 
(n) = 360 days 
Counts per minute of urine sample 
(U,) =2c/m 
The total body dose *D,, may be cal- 
culated from the formula: 
130 x mx U, 
'D,, = 
(n + If, ) 0.26 - (n-m + % ) 9.26 
On substitution: 
130 x 330 x 2 
== = 
(360.5) 0-26 (30.5) 9-26 
8.58 x 104 


= 3.9x 104 c/m 
2.19 
Assuming a 50% counting geometry was 
used (1 pg = 7 x 10* c/m) 
'D,, = 0.56 pg. 


TABLE II. 
RESULTS OF URINE ASSAYS AND NOSE SWAB 
COUNTS CONDUCTED ON LOS ALAMOS PLUTO- 
NIUM OPERATORS SHOWING POSITIVE EXPOSURE 


Estimated 


Total 
Average Body Burden No. High 
Case Code Date of Exposure ug (+50%) Nose Swabs 

W.G. June 1945 1.3 24 
W.B. May 1945 12 37 
D.D. June 1945 1.2 55 
D.W. June 1945 1.0 32 
W.A. July 1945 1.0 22 
G.F. June 1945 1.0 28 
R.D.B. July 1945 0.8 24 
F.C. June 1945 0.7 60 
H.R. Aug. 1945 0.7 14 
Ws. Aug. 1945 0.6 9 
T.M. Late 1944 0.5-1.0 lfa) 
H.L. Aug. 1945 0.5 8 
T.E. July 1946 0.4 6 
R.A.B. July 1945 0.4 23 
M.W. Aug. 1945 0.3 6 
D.K. Aug. 1945 0.3 28 
D.H. Aug. 1945 0.3 22 
K.E. Oct. 1945 0.3 3 
J.C. Sept. 1945 0.3 8 
J.B. July 1945 0.3 8 
J.A. Oct. 1945 0.3 ll 
E.R. July 1945 0.2 2 
C.H. July 1945 0.2 7 
N.D. Late 1944 0.1-0.5 3(a) 
J.O. Sept. 1945 0.1 8 
C.D. July 1945 0.1 4 
A.B. Sept. 1945 0.1 8 


(a) Incomplete records were available for these cases. 
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Urinary excretion curves of nine individuals with positive exposure to plutonium. 


Specific Application 


HE LOS ALAMOS Scientific Laboratory has 

been processing relatively large quanti- 
ties of Pu8® since 1944. It was essential, 
therefore, that methods be developed to de- 
termine exposure of personnel. The assay 
of 24-hour urine samples for alpha activity, 
although difficult and time consuming, 
proved feasible. 

From 1944 to 1950 over 6000 urine anal- 
yses were made on persons working with 
plutonium.’ Urine assays showed that 27 
of the persons examined excreted measura- 
ble amounts of plutonium which indicated 
body burdens ranging from about 0.1 to 
1.3 »g. All positive exposures occurred dur- 
ing the period 1944-1946. These data were 
supplemented by data collected by the nasal 
swab technique,* the purpose of which was 
to detect qualitatively whether or not in- 
dividuals had been exposed to the inhala- 
tion of contamination. Table II shows the 

*The nasal swab procedure, in brief, consists of swab- 
bing the external nares and subsequently counting the 
nose swab for radioactivity. The method is applicable 


not only to plutonium but to any particulate radioactive 
material. Using this technique the presence of radio- 


active material in the nasal vestibule can be detected. 


approximate average date of exposure, the 
estimated plutonium body burden, and the 
total number of high nose swab counts. It 
should be emphasized that the estimated 
body burdens are perhaps not accurate to 
greater than +50% except in nine cases 
for which repeated urine assays were ob- 
tained. The rather large error associated 
with the estimates resulted from the ex- 
tremely low alpha activities being detected. 
Assuming a urinary plutonium excretion 
rate of 0.01% of the body burden per 24 
hours, the detection of 0.1 pg of system- 
ically bound plutonium requires the deter- 
mination of 1 c/m in a 24-hour sample of 
urine. Nine of the positive exposures oc- 
curred in the same process which involved 
working with water-soluble plutonium salts 
in dilute solutions and under conditions 
favorable to the production of a fine spray. 
Urinary excretion curves for these nine in- 
dividuals are shown in Figs. 4a and 4b. 
These data indicate beyond doubt that they 
had accumulated positive plutonium body 
burdens because the analyses were repeated 
several times. Case 1 (W.B.) shows the 
typical urinary excretion curve following 
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what may be considered a rela- Pe 
tively acute exposure. The uri- 
nary excretion rate rose rapidly 
to approximately 23 c/m per 24- 


TABLE III. 


COMPARISON OF FECAL AND URINARY EXCRETION OF PLUTO- 
NIUM BY Los ALAMOS WORKERS IN RELATION TO MODE OF 


EXPOSURE 
hour sample, at which time he ——— 
Approximate 
was removed from further ex- Sneutin 
posure. Upon being removed from Exposure Feces Urine 
from further exposure his urine Subjects Type of Exposure (months) (¢c/m/24 hr) (¢/m/24 hr) 
assay dropped sharply and began Average of 25 No exposure _ 0.9 + 0.4 0.7 + 0.4 
h ] t ft 30-60 D. L. Slight, general 1 0.7 1.1 
to show a plateau aiter m S. H. Moderate, general 1 25 1.0 
days. Cases 2 (F. C.) and 4 (G. v.s. High, general 6 68 0.9 
F. show urinar excretion , fe Dry Box Explosion 6 7 0.7 
) ” hi h ; id d I. M. Dry Box Explosion 6 23 0.7 
curves wale! may be considere s. G Burning Pu Metal 6 2 0.8 
characteristic of prolonged J. D.C. Burning Pu Metal 6 19 0.5 
chronic exposure. These individu- 2** Burning Pu Metal 18 
° E. F. Burning Pu Metal yy 70 0.8 
als did not show sharp peaks In L. D. R. Burning Pu Metal % 950 0.6 
their urinary excretion and upon’ T. A. E.** = Spray of PuO2(NOs): 1 3400 5.0 
a F. C.** Spray of Pu( NOs); 9 196 2.6 
removal from exposure their WA gee Spray of Pu(NOs)s 10 130 1.3 
urine assays did not drop sharp- pp. p. Spray of Pu(NOs), 12 21 4.9 
ly. W. B. G.** Spray of Pu( NOs) ll 237 4.3 
The curves in Figs 4a and 4b G. F. Spray of Pu( NOs); 10 24 3.6 
: 


further emphasize the fact that .* 
the positive urine values in the 
nine unquestionable cases were preceded 
by or occurred simultaneously with peri- 
ods of high nose swab counts. Because 
some persons were more cooperative than 
others, no quantitative significance can 
be attached to the absolute numbers of 
high nose swabs for the various individu- 
als during any given period. Both the 
urine assays and the number of high 
nose swab counts correlate roughly with 
the scale of relative amounts of plutonium 
processed per month by this group. These 
data suggest that the nine operators ac- 
cumulated their plutonium burdens largely 
through respiratory exposure. 


Radioactive Material in the Lung 


T MUST be emphasized that urinary excre- 

tion analyses do not measure unabsorbed 
radioactive material deposited in the lung 
and cannot, therefore, be directly applied 
to the determination of lung exposure. Uri- 
nary excretion is an index of the “systemic 
burden” only, i.e., the amount of material 
that has been taken into the blood stream 
and subsequently deposited in the tissues. 

Attempts were made at the Los Alamos 
Scientific Laboratory to apply urinary to 
fecal ratios as a measure of lung burden. 
If the urinary to fecal ratio as a function 
of time after exposure, expressed in Equa- 
tion (14), is a measure of the relative 


Counts of less than one have no statistical significance. 
Used to calculate values for lung burden given in Table IV. 


amounts of systemically-deposited pluto- 
nium excreted via urine and feces, then ex- 
tremely low ratios (high fecal excretion) 
would indicate the presence of plutonium 
in the feces that must have been excreted 
from the lung by ciliary elimination and 
subsequently swallowed. The data in Table 
III show the urinary and fecal excretion 
of plutonium by. Los Alamos workers in 
relation to their mode of exposure. Instead 
of the urinary to fecal ratios being in agree- 
ment with the values indicated by Equation 
(14) they were on occasion as low as 10°. 
Undoubtedly these data establish qualita- 
tively the presence of a lung burden in sev- 
eral of the exposed subjects. 

The quantitative estimation of lung bur- 
den from excretion analyses as well as the 
calculation of lung exposure from nonab- 
sorbed radioactive materials necessitates 
prior knowledge of the kinetics of lung re- 
tention and elimination. The problem ap- 
pears almost hopelessly complex. Lung re- 
tention and elimination have been shown 
to be dependent on particle size,®!° solu- 
hygroscopicity,'7 wetting,!* con- 
centration,!®1!* respiration rate,!°!* parti- 
cle density,!*!© flocculation,’ and on the 
chemical nature of the material inhaled.18:19 
The aspects of dust retention in the lungs 
of man are reviewed by Drinker and Hatch.” 

Insufficient data are available to permit 
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Distribution of Sr as a function of time after 
inhalation of a Sr°Cl: aerosol (rats).” 


satisfactory elucidation of the kinetics of 
lung retention and elimination for a single 
radionuclide under any specific set of con- 
ditions. Some data, which may permit gen- 
eralization, are available from the excellent 
work of Abrams et al.1519 and Scott et al.?} 
on the fate and deposition of plutonium and 
various fission products inhaled as aerosols 
by rats. 

Figs. 5, 6, and 7 are taken from the work 
by Abrams et al.'5.19 to illustrate the typi- 
cal types of elimination and distribution 
patterns found following inhalation of aero- 
sols. Their data which were reported on the 
basis of amount retained in the lungs as 
100% have been converted to inhaled dose 
assuming 75% retention. This assumption 
may be in considerable error because of 
the very small particle sizes employed 
(<1 p»). Fig. 5, for a Sr*®°Cl, atomized 
aerosol, shows the behavior of a soluble 
material. The half-time in the lung was 
extremely short (hours or less) and there 
was equally rapid appearance of the radio- 
activity in the organ of deposition, in this 
case the skeleton. The process involved is 
apparently direct solution in the body fluids 
and rapid entrance into the system. Fig. 
6 shows the very different behavior of an 
insoluble material, in this case a PuQ, 
smoke of fine particle size, produced in an 
electric arc. The half-time in the lung was 
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much longer, components of roughly 20 and 
180 days seem indicated, and a_ small 
amount (<10%) rapidly reached the liver 
and skeleton. This very rapid entry of a 
small amount of supposedly insoluble ma- 
terial was always evident. In fact, the ma- 
jor amount of material entering the sys- 
temic circulation did so within a matter of 
hours or a few days. Direct solution, phag- 
ocytic solution, or direct passage of very 
fine particles into the body fluids before 
flocculation may provide an explanation. 
That physical transport out of the lung is 
involved is confirmed by the excretion data. 
During the period from 50 to 150 days the 
fecal excretion was 100 times the urinary 
excretion. An intermediate case is_illus- 
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crated in Fig. 7 for an arced aerosol of 
Cel#4#, The half-times observed were very 
similar to those found with PuO,, but in 
this case there was rapid significant entry 
into the skeleton. Fecal to urinary excre- 
tion ratios were again very high compared 
with those found following intramuscular 
or intravenous injection, so removal from 
the lung must be by ciliary action and 
subsequent swallowing. In this case there 
may be significant uptake into the system 
from the gut. 

The long half-times associated with cili- 
ary transport are confirmed by the studies 
of Marinelli et al?* on RaSO, accidentally 
inhaled by humans. They find lung elimina- 
tion times of from 30 to 140 days with an 
average half-time of about 120 days over 
the first year. 

It is clear that the elucidation of the ki- 
netics of lung retention and elimination is 
an extremely complex problem and requires 
much detailed information on the fate of 
nuclides of interest as a function of chemi- 
cal form, particle size, etc. However, even 
with the preliminary data now available 
certain generalizations are suggested: 

(1) If the material is truly soluble in 
body fluids (i.e., Sr8°Cl,), removal from the 
lung is essentially instantaneous and no 
lung hazard persists. In this case urinary 
excretion data may be used to determine 
total body burden. 

(2) “Insoluble” particles (i.e., PuO,) 
are removed with half-times of a few weeks 
and about six months presumably by two 
different mechanisms. Both mechanisms ap- 
parently involve transport through the GI 
tract. About 5%. to 10% of the inhaled dose 
may enter the blood stream rapidly and 
constitute the systemic burden. 

(3) “Slightly soluble” particles act in 
general like particles of insoluble materials, 
except a higher percentage may enter the 
systemic circulation and contribute to the 
systemic burden. 

(4) While urinary excretion data are a 
measure of systemic burden, fecal excre- 
tion may be quantitatively related to pul- 
monary elimination of relatively insoluble 
materials and to the burden of such ma- 
terials deposited in the lung. Beyond 10 days 
after exposure the lung excretion data given 
in Fig. 6 may be represented by a single 
hyperbolic function 
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C, = 6.4t--8 (21) 
where C,, is the fraction of the intial dose 
remaining in the lung and t is the time in 
days. 

Since the amount excreted from the lung 
after this time appears in the feces, the 
negative derivative of this expression gives 
the fecal excretion rate as 


= E, = 5.12t}-° (22) 


dt 
where E, is the rate of fecal excretion in 
fraction of the lung dose excreted per day. 


The urinary to fecal excretion ratio ( 


u 
) 

Y 

f 
following intravenous injection is given by 
Equation (14). This ratio is an index of 
the excretion pattern for systemic plutoni- 
um and a decrease in the ratio at any time 
after exposure reflects the presence in the 
feces of plutonium from a_nonsystemic 

source, most likely the lung. 

It should be possible, therefore, to esti- 
mate both the systemic burden and the 
lung burden from the assay of urine and 
fecal samples taken at known times after 
exposure. Starting with the expression for 
the systemic urinary to fecal excretion ra- 
tio (Equation (14) ) 
r -0.32 

0.37 
If the total fecal count on day t after ex- 
posure is Y, , and the total urine count is 


Y , then the portion of the total fecal ac- 
u 


t 
tivity (Y, ) due to lung contamination is 
L 
given by the following expression: 
u 
y= 0.32 (23) 


f f 0.37 
L t 
and it follows from Equations (22) and 
(23) that 


t 
t 
0.37 
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TABLE IV. 
PLUTONIUM LUNG BURDEN IN LOS ALAMOS 
WORKERS WHEN DERIVED FROM SYSTEMIC BUR- 
DEN AND FROM URINARY TO FECAL EXCRETION 


RATIOS 
Lung Burden 
From 

Systemic Systemic Burden Urinary/Fecal 

Burden X10 Ratios 
Subjects (uc) (ue) (ue) 
F. C 0.11 1.1 1.2 
E. Z. 0.004 0.043 0.027 
A. 0.035 0.35 0.28 
W. A. B. 0.086 0.86 0.72 
Ww 


0.094 0.94 1.1 


exposure expressed in the same units used 
for Y,, and Y,. Since at 10 days ~10% of the 
original lung burden has entered the sys- 


temic circulation (t’ = 1 day) the amount 
in the lung at time of exposure is 
C 
L 
(25) 
0.9 L 


If the data in Fig. 6 are applicable and 
approximately 10% of the lung burden is 
absorbed within a few days, the amount of 
material] in the lung at the time of exposure 
may be estimated by multiplying the sys- 
temic burden by ten. Table IV shows a com- 
parison of the lung burdens of five of the 
individuals listed in Table III, when calcu- 
lated from the systemic burden and from 
the urinary to fecal excretion ratios. The 
agreement between the values derived by 
the two different methods is surprisingly 
good. 

Because of the extreme complexity of the 
problem, the lack of specific data and the 
need for a basis for calculating maximum 
permissible air concentrations from lung 
exposure, a general model for the fate of 
radioactive particles in the lung has been 
proposed.* The model is based largely on 
the data of Abrams et al.}*!9 and Scott 
et al.*} for rats and completely ignores most 
of the factors mentioned earlier as affecting 
particle retention in the lung. The assump- 
tion is made that the particle size distribu- 
tion of the inhaled aerosol is such that the 


*AEC Harriman Conference, Harriman, New York, 
1953. Participants. K. Z. Morgan, J. G. Hamilton, W. 
H. Langham, L. D. Marinelli, and others. Many of the 
features of the model as shown were added by the 
author. 
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total lung retention is 75% of the inhaled 
dose. It is quantitative only to the extent 
the specific conditions of exposure coincide 
with the general pattern on which the model 
is based. 

According to the model shown in Fig. 8, 
when 100 particles are inhaled, 25 are ex- 
haled without deposition in the respiratory 
system. These do not contribute to the pro- 
duction of a health hazard. Of the 75 parti- 
cles deposited in the lung, 50 deposit in the 
upper bronchial tree and are excreted by 
ciliary action and swallowed. The half-time 
of elimination of these 50 particles is ~20 
days regardless of solubility. Of the 50 par- 
ticles entering the gut from the lutig, 10- 
20°. of the soluble particles, <0.5% of the 
slightly soluble and <0.01% of the insoluble 
materials, may be absorbed and end up in 
the system. The 25 particles remaining in 
the lung are assumed to be deposited on 
the alveolar surfaces. If these particles are 
“insoluble” 15 (15% of the originally in- 
haled dose) are phagocytized or otherwise 
removed up the bronchial tree and elimi- 
nated via the gut with an elimination half- 
time of about six months. The other re- 
maining 10% of the material passes 
through the alveolar wall into the systemic 
circulation with a half-time of a few days 
at most. 

If the 25 particles in the alveoli are 
“slightly soluble,” the kinetics of retention 
and excretion may be essentially the same 
as for “insoluble particles.” A_ slightly 
higher percentage may be absorbed and 
contribute to the systemic burden and a 
slightly lower percentage may be removed 
by bronchial elimination with a somewhat 
shorter half-time. If the particles are solu- 
ble, all 25 are absorbed in the systemic cir- 
culation with a half-time of an hour or so. 

The data in Fig. 5 for a soluble aerosol 
(Sr**Cl,) do not fit the general pattern. 
This may be explained on the basis of the 
exceedingly small particle size (0.1 ~) which 
would result in much lower deposition in the 
upper bronchial tree and much higher in the 
alveoli.1® 

It should be emphasized that the numbers 
given in the model are only crude generali- 
zations based on obviously inadequate data 
and future research should be directed 
toward obtaining specific numbers for spe- 
cific nuclides. 
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Fig. 8. 
General model for the retention, distribution, and excretion of inhaled radioactive aerosols. 


The model poses two different radiation 
hazards: (1) direct radiation of the lung 
by the deposition of 75° of the inhaled 
radioactivity, taking into account the re- 
spective abundances and the half-times of 
the three components of the elimination 
process, and (2) the systemic radiation 
hazard produced by absorption and subse- 
quent deposition of a fraction of the in- 
haled dose in the tissues. The model may be 
of some value in estimating (in the general 
case) the magnitudes of these hazards from 
isotopes for which inadequate data exist. 
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HE SEVENTH ANNUAL National Noise Abatement Symposium will be held at 
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Acoustical Society of America, American Society of Safety Engineers, National 
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Jet Aircraft—ADONE C. PIETRASANTA, Engineer, Bolt, Beranek and Newman, 
Inc.; Environment for Measuring Noise—HENRY B. KARPLUS, Associate Physicist, 
Armour Research Foundation; Materials and Techniques for Damping Vibrating 
Panels—RICHARD N. HAMME, Research Physicist, Engineering Research Institute, 
University of Michigan; Noise Reduction in Pumps and Pump Systems— 
NORMAN L. MEYERSON, Manager, Research and Development Section, Worthington 
Corporation; Noise Control by Phase Control of Extended Sources—orR. G. J. 
THIESSEN, Principal Research Officer, Canadian National Research Council; 
Acoustical Design of Enclosures for Power Transformers—DR. THOMAS NORTH- 
woop, Head, Building Physics Section, Canadian National Research Council; 
Audiometers and Their Use—RALPH ALLISON, Allison Laboratories, Inc.; A 
Mobile Laboratory for Group Hearing Tests—pDR. JEROME R. COX, Research As- 
sociate, Central Institute for the Deaf; Legal Aspects of the Hearing Loss 
Problems—NOEL SYMONS, Attorney, Brown, Kelley, Turner and Symons; Prob- 
lems of Industry in a State with Hearing Loss Compensation Laws—ROBERT A. 
EWENS, Attorney, Executive Vice-President, Wisconsin Manufacturers Associ- 
ation; Acoustical Engineering Principles for Noise Reduction—WILLIS M. REES, 
Product Development Engineer, Owens-Corning Fiberglas Corporation; Retain- 
ing High Sound Transmission Loss in Industrial Plants—GEORGE L. BONVALLET, 
Manager, Noise Control Division, Rysdon Products Company; Office and Factory 
Applications of Partial Enclosures—DWIGHT BISHOP, Acoustics Engineer, Con- 
vair Division, General Dynamics Corporation; Noise Control for Offices Located 
Near Production Machines and Mechanical Equipment Spaces—LAYMON N. 
MILLER and IRA DYER, Senior Engineers, Bolt, Beranek and Newman, Inc. 

The registration fee is $15.00, which covers the technical sessions, luncheons 
on both the 11th and 12th and a copy of the proceedings. Inquiries should be 


addressed to GUY J. SANDERS, Armour Research Foundation, 10 West 35th Street, 
Chicago 16, Illinois. 


Criteria for an Evaluation of Noise Problems 


CHARLES R. WILLIAMS, Ph.D., Director 
Industrial Hygiene Services, Loss Prevention Department 
Liberty Mutual Insurance Company 
Boston, Massachusetts 


HE QUEST for standards or criteria re- 

lating to the effects of noise on man has 
been going on for many years. A perusal 
of the literature reveals many attempts to 
establish levels below which exposed per- 
sonnel will not develop hearing loss. There 
are also other kinds of criteria which have 
been suggested. A complete review of this 
problem requires consideration of these 
several criteria related to such things as 
the possible effects of noise on behavior 
(annoyance) ; loss of hearing; speech com- 
munication and other non-otological effects. 
Each of these requires a quite different 
approach. We must first define what we are 
trying to accomplish in the establishment 
of noise standards. Because of the fact that 
the effects of noise differ in many respects 
from the toxicological problems with which 
we are so familiar it would be well to 
establish a base upon which to develop our 
philosophy about noise criteria. 

There are many ways in which the so- 
called noise problem differs from our other 
industrial hygiene problems. In the first 
place, there are at least four different kinds 
of effects to be taken into consideration. 
We shall see that the difference between a 
standard for speech communication in a 
conference room and the kind of criterion 
which is being proposed to prevent occupa- 
tional loss of hearing is substantial. Sec- 
ond, gradual loss of hearing over the years 
may be a normal result of aging. Most 
other occupational diseases do not produce 
a result identical to normal aging processes. 
Third, there are many causes of cochlear 
damage both physical and chemical in addi- 
tion to noise. Fourth, the noise levels in 
our non-industrial environment have been 
Increasing steadily during the past twenty- 
five years. Fifth, an appreciable segment 
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of the population has deviation from nor- 
mal hearing from many possible causes. All 
of these things serve to confuse our think- 
ing about criteria for noise. 

It is important then that we consider 
separately each of the kinds of effects which 
noise may have on people. Standards must 
then be selected for each specific problem 
which needs to be solved. 

Effects of noise on behavior is the phrase 
applied by Kryter! to the various possible 
psychological effects of noise exposure. This 
is an extremely complex and nebulous phase 
of the noise problem. Such factors as an- 
noyance and irritability are related not 
only to the intensity and frequency (physi- 
cal characteristics) of the noise, but also 
to the time pattern, the environment and 
the physical and mental attitude of the 
subject. Many attempts have been made to 
relate these non-auditory effects to such 
things as efficiency, production, fatigue, 
absenteeism, turnover, etc., in industry. 
There have been several studies made to 
evaluate these effects, particularly in in- 
dustry and in military operations. Many of 
these are discussed critically by Kryter and, 
therefore, will not be covered here. 

One of the problems in such studies in- 
volving human response to environment, is 
the virtual impossibility of defining or 
measuring the many variables. In the en- 
vironment itself such factors as illumina- 
tion, ventilation, physical surroundings, 
temperature and humidity are difficult to 
evaluate and their independent effects diffi- 
cult to determine. Superimposed on this 
are the even greater variables of the physi- 
cal and mental attitudes of the individuals 
involved and the complex inter-relationship 
between various individuals in a group. It 
has been found also, particularly in the 
studies of Weston and Adams on the work 
performance of weavers in the textile in- 
dustry in England? that motivation may 
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have an important bearing, particularly 
early in an experiment. 

In addition to field studies of groups of 
individuals, there have been several at- 
tempts to study under laboratory conditions 
such things as effects of noise on reaction 
time, intelligence test scores, as well as 
mental and muscular work, using human 
subjects. In most of these experiments very 
small numbers of subjects were used, lim- 
ited conditions set up and inconclusive re- 
sults obtained. 

From the research which has been re- 
ported, there are many indications that 
noise may have some effects on behavior— 
in some cases deleterious and in some cases 
beneficial. The best that can be said at the 
moment is that there are tantalizing in- 
dications as to the effects of noise on a 
man’s behavior pattern, but at this time no 
precise conclusions can be drawn. 

One of the most serious annoyance prob- 
lems in the industrial noise field is probably 
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Fig. |. 
Family of curves used to determine the noise 
level rank for residential noise. The spectrum 
of the noise is plotted as sound pressure levels 
in octave bands of frequency. The highest zone 
into which the spectrum protrudes is designated 
as the noise level rank. (From Stevens, Rosen- 


blith and Bolt.) 
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Family of curves used to determine the cor- 
rection number for background noise. The spec- 
trum of the ambient background noise is plotted 
as sound pressure levels in octave bands of 
frequency. The zone in which the major portion 
of the noise spectrum lies designates the cor- 
rection number to be applied for background 
noise. (From Stevens, Rosenblith and Bolt.) 


in neighborhoods surrounding industrial 
operations, airports and highways. The an- 
noyance of neighbors can have serious re- 
percussions in some industrial operations. 
An important phase of this problem is 
related to night operation, for the most 
important factors of annoyance are present 
—-there is a low background noise at a time 
when traffic and other “acceptable” noises 
are reduced. This causes frustration because 
of the desire to sleep and the inability to 
do anything about the distraction. This is 
not entirely a question of the physical char- 
acter of the noise or its time pattern. A 
dripping faucet, barely heard, can keep one 
awake almost indefinitely. Here again, as 
in most annoyance problems, the physical 
and mental state of the victim are impor- 
tant factors. 

How does one measure annoyance? Other 
factors than the intensity and frequency of 
the sound are much more important. The 
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best “instrument” for measuring this is 
the annoyed individual. If neighbors are 
annoyed and complain about an industrial 
noise, no technical noise studies are going 
to convince the sleepless complainer that 
the noise level of 50 decibels or even 40 
decibels is within reasonable limits. 
Stevens, Rosenblith and Bolt® have pro- 
posed a method of rating possible commu- 
nity reactions to various kinds of noise 
under different conditions. Their approach 
serves to emphasize the extreme complexity 
of the problem. They suggest a series of 
spectra for establishing a noise level rank 
(Fig. 1); a family of curves to determine 
a correction number for background noise 
(Fig. 2); correction numbers for daytime 
ambient noise levels in typical kinds of 
neighborhoods; correction numbers for re- 
petitiveness of the noise, season of the year, 
time of day and previous exposure. From 
these numbers are compiled a ‘Composite 
noise rating.” These ratings are then 
plotted against known community responses 
in several cases to produce a wide range 
curve for predicting community response 
(Fig. 3). It should be added that there 
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are other factors which may also affect 
community response. In cases where a ma- 
jority of the neighbors work at the offend- 
ing plant, there are liable to be less com- 
plaints; a good plant public relations pro- 
gram can modify the response substanti- 
ally; if the plant is also producing obnox- 
ious air pollution or other annoyances, noise 
complaints may increase. 

It should be obvious from this brief dis- 
cussion that the most logical criterion for 
determing an annoying noise is—are peo- 
ple being annoyed? 

Speech interference is a phase of indus- 
trial noise which is in part related to an- 
noyance. In industry, the ability to com- 
municate by speech is vitally important. It 
is essential in employee training, in giving 
and understanding orders, in giving warn- 
ings of danger and many other phases of 
plant operation. In addition, the inability 
to communicate can be annoying. As a 
generality it can be stated that hazardous 
noises generally produce speech interfer- 
ence, but noise which interferes with speech 
is not necessarily hazardous. 

The degree of interference depends pri- 
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marily on two factors—the masking ability 
of the noise and the communication require- 
ments of the environment. An evaluation 
of the masking quality of noise is based on 
sound levels in the bands which mask speech 
most effectively. 

The phrase “speech interference level” 
(SIL) ,* suggested by Beranek, is a meas- 
ure of the interfering effect of noise on the 
ability of two people to converse. It is de- 
fined as the arithmetic average of the sound 
levels, in decibels, in the three octave bands 
600-1200, 1200-2400 and 2400-4800 cycles 
per second. The application of these values 
requires consideration of the distance at 
which conversation must be understood and 
the kind of voice (normal, raised, very 
loud, shouting) which can be used. Con- 
siderable judgment must be used in apply- 
ing these data to actual conditions. The 
values are very different for different situ- 
ations. For example (see Fig. 4) in a con- 
ference room where conversation must be 
understood at distances up to 10 feet or 
more in a normal voice, an SIL of 50 decibels 
may be too high, whereas 70 decibels may 
be satisfactory in an industrial plant where 
conversation may be carried on at distances 
of one foot or less. It should be borne in 
mind that these criteria were derived un- 
der laboratory conditions using the intel- 
ligibility of a large number of words. For 
practical plant application, the values could 
probably be increased slightly because of 
a more limited vocabulary and the possi- 
bility of increased intelligibility resulting 
from visual cues. 

It should be noted that the values given 
are of a lower order of magnitude than 
those generally considered for damage risk 
criteria. 

Damage to hearing is the problem of 
greatest significance in industrial opera- 
tions. As activity in the study of noise has 
increased there has been more and more 
pressure for the establishment of some sort 
of damage risk criterion. The literature 
contains many guesses as to what this may 
be, but these are based more on logic than 
on any substantial evidence. One important 
fact which has emerged from the studies 
which have been made is that a single, 
over-all sound level measurement (20 to 
10,000 cps) does not provide an adequate 
basis for the establishment of any criterion 
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The relation of speech levels, distance, and 
noise in terms of the Speech Interference Level. 
The Speech Interference Level is the arithmetic 
average of the noise levels, expressed in deci- 
bels, in the three bands 600-1200, 1200-2400 
and 2400-4800 cps. (From L. L. Beranek, Trans. 
Am. Soc. Mech. Engrs., 67, 97-100, 1947.) 


or safe level. It has become obvious that 
the noise must be defined in narrower bands 
to judge the possible impact on the hearing 
of exposed people. This concept has been 
emphasized repeatedly by many authorities. 
Kryter! stated in 1950 “It is clear that 
the spectrum of a noise must be analyzed 
before its deafening value can be esti- 
mated.” (Kryter’s italics). This concept 
has been re-stated by such authorities as 
Beranek,* Rosenblith and Stevens® and the 
exploratory sub-committee Z24-X.2 of the 
American Standards Association® has re- 
emphasized this point. 

In establishing a damage risk criterion 
or a series of such criteria several factors 
are involved. The very words “damage risk 
criterion” imply that its purpose is to re- 
duce the risk that an individual will suffer 
hearing loss. This, then, is a statistical ap- 
proach. It is more or less forced upon us 
by the fact that there are so many other 
possible causes of loss of hearing and that 
a significant segment of our population has 
a deviation from normal hearing. 

What are the factors which must be con- 
sidered in setting up the kind of standards 
we are discussing? We should study and 
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understand several basic premises if we 
are to develop adequate, equitable criteria. 
1. The criterion must be established in 


measurable perameters. It must be ex- 
pressed in terms of sound pressure level 
and frequency. The distribution of energy 
through the audible spectrum is an im- 
portant variable. It may be spread through 
the whole spectrum or it may be confined 
to relatively narrow bands. The band widths 
and distribution of the important compo- 
nents of a noise must be defined, since dam- 
age may be related to these factors. 

2. The time of exposure must be speci- 
fied. Consideration must be given to levels 
for continuous (throughout the work day) 
steady noise exposures; steady noise with 
intermittent exposure (periodic during the 
day); and single or very short exposure 
(corresponding to acute exposures in tox- 
icology). 

3. The time pattern of the noise will 
have an important bearing on criteria. The 
levels for repeated impact noise may be 
significantly different than for steady noise. 
Peak value, average value, ambient noise, 
and the interval between peaks are all 
significant. 

4. The final values selected for damage 
risk criteria must be based on the physical 
factors given above and must then be re- 
lated to the degree of deviation from nor- 
mal hearing which is considered acceptable. 
In this latter category such factors as pres- 
bycusis and a definition of just what con- 
stitutes a hearing loss must be included. 

5. Any standard must be supported by 
substantial agreement among authorities 
before it can be accepted. It is, therefore, 
of primary importance that any criteria 
which are proposed must be supported by a 
reasonable amount of valid data. 

From a historical point of view let us 
examine what has taken place in attempts 
to arrive at a benchmark to be used in 
preserving the hearing of our industrial 
population. The era during the 1930’s and 
1940’s appears to have been devoted largely 
to expression by various authorities of 
“curbstone opinions” as to a single number 
which supposedly represented a permissi- 
ble noise level. It should be borne in mind 
that during this period of time, measure- 
ment techniques were crude and there were 
no data available on frequency distribution 
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of various kinds of industrial noises. All - 
of the numbers proposed during this time 
were admittedly without foundation and 
were always hedged with “ifs,” “ands,” and 
“buts.” We can summarize this era by 
stating that reasonable evidence for any 
noise criterion was lacking. Thus we should 
relegate the guesses of the 30’s and 40’s to 
history and ignore them in all further dis- 
cussions on this matter. 

Perhaps the first attempt to provide a 
substantiated damage risk criterion was 
made by Kryter! in his classic monograph 
on “The Effects of Noise on Man.” After 
a detailed and critical review of all avail- 
able literature Kryter proposed, as a start- 
ing point, a criterion which took into con- 
sideration the fact that the ear has a non- 
linear frequency response. His conclusions 
in the matter of “Maximum safe intensity 
level” are as follows: 

“A fair, perhaps conservative, evaluation 
of the laboratory and industrial studies on 
stimulation deafness would seem to be that 
for long and intermittent exposures any 
frequency of sound (or narrow band not 
exceeding the critical width) that is 85 db 
or less above .0002 dynes/cm? will not cause 
any temporary or permanent deafness. 

“The ‘guess’ that tones 85 db above .0002 
dynes /cm? may cause some deafness, either 
temporary or permanent applies only for 
long periods of exposure, applied intermit- 
tently over months or years. On the other 
hand, for brief exposures lasting up to an 
hour, the intensities necessary to cause 
deafness appear to be in the order of 100 
db re .0002 dynes/cm? for any frequency 
or critical band.” 

The key words in this statement are “for 
any frequency or critical band.” In spite 
of the fact that Kryter carefully limited 
his figure to “critical bands” he is quoted 
as an authority for an 85 db over-all figure 
as a safe level. This kind of error is being 
made all too frequently today. It can be 
avoided by refraining from any reference 
to a criterion in terms of over-all (20- 
10,000 cps) values. Actually, Kryter’s figure 
of 85 db per frequency or critical band be- 
comes nearer 95 db per band when cal- 
culated to octave bands above 300 eps. Be- 
low 300 cps this value becomes even higher. 
Kryter “guesses” in his monograph that 
“It is possible, but undemonstrable with 
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present data, that the degree of deafness 
could be predicted by the use of critical 
band measures of noise intensity and plot- 
ting such measures relative to 85 db above 
the threshold for pure tones .. .” thus he 
was actually recommending the use of a 
curve which would define the permissible 
noise levels in bands. 

Following Kryter’s suggestion Beranek 
subsequently proposed what has been called 
tentative damage risk criteria for noise, ex- 
pressed in octave bands. These curves were 
very similar to those suggested by Kryter, 
but vary slightly in the high and low fre- 
quency ends of the spectrum. 

At the University of Michigan Sympo- 
sium in 1952, Sterner’ discussed the status 
of noise standards at that time. He included 
an analysis of a questionnaire which had 
been sent to 275 (answered by 222) acous- 
tical engineers, physicists, psychologists, 
otolaryngologists, industrial physicians and 
industrial hygienists. There was no general 
agreement on any phase. In fact, there was 
evidence of chaos in the wide variety of the 
numbers proposed by the various recipients. 
The substantial majority seemed to feel 
that information available at that time 
(1952) was not adequate to establish stand- 
ards for industrial hygiene codes. 

The next step in the development of cri- 
teria was the appointment in 1952 of an 
exploratory sub-committee (X.2) of the 
American Standards Association Sectional 
Committee on Acoustics, Vibration and 
Mechanical Shock (Z24). 

Their report entitled “The Relations of 
Hearing Loss to Noise Exposure’ is sim- 
ply an evaluation of the results of investi- 
gation of available information which can 
be used to establish the relation between 
hearing loss and noise exposure. It does 
not even suggest a definite criterion. On 
the title page is the statement, “This report 
summarizes the fact-finding mission which 
was taken by the sub-committee; it sug- 
gests no standards and proposes no cri- 
teria.” 

The committee employed the services of 
a technical counsel who visited many in- 
dustries and collected data from nine plants 
including about 7,000 audiograms with 
octave band analyses of the noises to which 
the subjects were exposed. Much of the re- 
port is devoted to a statistical analysis of 
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these data to determine whether or not any 
relationship between the noise exposure and 
resultant audiograms existed. The vast ma- 
jority of the data used represented con- 
tinuous exposure to steady noise. There was 
some information from airplane pilots re 
lated to intermittent exposures to steady 
noise and there was a small amount of in- 
formation on non-steady noises including 
proof firing and drop forge operations. 

For the continuous exposure to steady 
noise a series of curves was developed pro- 7 
viding a means of estimating the effects on 
hearing at 1000, 2000 and 4000 cycles per 
second. These so-called “trend curves” were 
tested against a group of people who had 
been exposed to six different kinds of noises. 
It was found that these curves could be 
used to give a satisfactory estimate of the 
average hearing loss to be expected at any 
given test frequency after any specified 
number of years of exposure to a particular 
kind of noise. This is purely a statistical 
approach. Because of a paucity of data, this 
type of information was not developed for 
the other kinds of noises. In their conclu- 
sion the committee states, 

“Standards and criteria for tolerable 
noise exposure cannot be formulated until 
decisions are reached on at least the fol- 
lowing questions: (1) What kind and 
amount of hearing loss constitutes a suff- 
cient handicap to be considered undesir- 
able? What role should presbycusis play in 
the setting of such a figure? (2) What per- 
centage of the people exposed to industrial 
noise should a standard be designed to pro- 
tect? In view of the large individual differ- 
ences in susceptibility to noise exposure, 
should a noise standard be aimed at pre- 
venting hearing losses in 50%, 90%, or 
even 99% of the population? (3) How 
should noises be specified and exposures 
measured? Since different noises are ap- 
parently not equally effective in producing 
hearing losses, agreement must be reached 
on a standard specification of the spectral 
and temporal characteristics of the noise. 

“It should not be impossible to arrive at 
partial answers to these questions in the 
reasonably near future. Meanwhile these [| 
issues will be clarified by frank discussion 
among the groups concerned with the prob- 
lems raised by exposure to noise.” 

For very short exposures which are in- 
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termittent, levels above those suggested for 
continuous exposure can probably be tol- 
erated. Evidence as to what these levels 
might be is sparse. Rosenblith and Stevens® 
have recommended that even for short ex- 
posures, levels of 145 db to 150 db should 
not be exceeded. Not only is there a possi- 
bility of damage to hearing, but these levels 
may also cause non-otological effects such as 
blurred vision, disturbance of equilibrium 
and similar effects.® 

For impact noises which are character- 
ized by sharp peaks, there is some indica- 
tion that no more damage will be produced 
than might be caused by a continuous noise 
having the same average sound intensity 
level.5 In general, these impact noises are 
characterized by large peaks of energy 
which last only a few milliseconds. Between 
the peaks, the exposure will be that of am- 
bient levels. The period between peaks may 
vary widely from the order of magnitude 
of seconds to many minutes. The average 
noise level will thus be substantially lower 
than the peak level. 

We have been handicapped by both a 
paucity of information relative to the bio- 
logical effects of such noise patterns and 
the difficulties in measuring impact noise 
of short duration. In the case of instru- 
mentation, some progress is being made 
and manufacturers are beginning to supply 
“impact meters.” 

When we can evaluate the noise both as 
to peak and average sound levels, we will 
be in a position to collect meaningful data 
related to the effects of such noises. 

In the meantime, there have been some 
guesses made as to possible criteria for 
impact noise, based largely on experimental 
work and some data from gunnery officers. 
Rosenblith and Stevens have pointed out 
that data on short-time auditory fatigue 
indicate that each peak resulting from an 
impact produces substantial temporary loss 
followed by recovery within a few seconds. 
If the impacts occur rapidly enough, there 
may not be complete recovery from the 
temporary loss between peaks. Thus fol- 
lowing several hours of this type of ex- 
posure, there will be a residual loss which 
may persist for hours or days. 

An additional factor which must be con- 
sidered is the ambient noise levels between 
peaks. If the background noise between im- 
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pacts is in a damaging range, the amount 
of recovery will be reduced or even elimi- 
nated. The severity of the problem will be 
increased if the peaks exceed 150 or 160 
db, for there is some evidence that such 
levels may produce damage regardless of 
the length of exposure. 

The temporary criterion for an impact 
noise suggested by Rosenblith and Stevens 
is based on acceptance of their steady state 
criterion, 95 db in each octave band be- 
tween 300 and 10,000 cycles per second. By 
calculating the average sound intensity for 
each octave band from the peak values for 
a drop hammer and modifying the figure 
(downward) from experimental data they 
arrived at a tentative criterion for peak 
values in impact noises, such as drop ham- 
mers, about 10 db per octave above the 
criterion for steady state noise. This is spe- 
cifically for “the protection of operators in 
a drop forge shop from the noise of their 
drop hammers.’’® It cannot necessarily be 
applied to impact noises having peaks of 
different duration or having substantially 
different intervals between peaks. 


Conclusion 


"[ HERE ARE at the present time several 
organizations actively collecting data in 
an attempt to provide some sort of damage 
risk criterion which can be validated. Per- 
haps the most active of these is the Sub- 
Committee on Noise in Industry of the 
American Academy of Opthalmology and 
Otolaryngology. In addition, the Armed 
Forces - National Research Council Com- 
mittee on Hearing and_ Bio-Acoustics 
(CHABA) is establishing a_ tentative 
standard for the use of the Armed Forces. 
A considerable amount of progress has 
been made and some information will prob- 
ably be forthcoming in the relatively near 
future. In the meantime, such standards as 
Kryter, Beranek, and Rosenblith and Ste- 
vens have suggested will prove useful as 
guides, particularly in determining the 
necessity for either engineering control or 
hearing conservation programs. It should 
be understood, however, that they are only 
tentative and subject to modification. 
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Air Pollution Course 


N INTENSIVE, two-week course on “Air Pollution” designed for physicians, 
A industrial hygienists, and engineers concerned with the problem of com- 
munity air pollution, will be given by the New York University Post-Graduate 
Medical School from November 26 through December 7, 1956. 

The course will review the basic toxicology of the principal air pollutants, 
micrometeorological factors, the effects of air pollution on agriculture and com- 
merce, and methods for sampling and analyzing the various toxic components. 
Also described will be the sources of air pollution and methods of control. Tuition 
for the course, which is to be given in cooperation with the New York University 
College of Engineering, is $75. For further information, write the Dean, NYU 
Post-Graduate Medical School, 550 First Avenue, New York 16, N. Y. 


INDUSTRIAL HEALTH 


HYGIENE AND SAFETY SERVICE 


2591 W. Grand Blvd., Detroit, Michigan 
Trinity 1-4812 


and 
903 East Lincoln Ave., Royal Oak, Mich. 
Lincoln 2-9569 
GORDON C. HARROLD, PH.D. 
STUART F. MEEK, M.D. 
AND ASSOCIATES 


EMERSON VENABLE, P.E. 
CHEMIST AND ENGINEER 
Fellow, American Public Health Assoc. 


CONSULTANT 
IN 
Air Pollution, Chemical Warfare and 


Industrial Hygiene—Research 


PHONE Hi-land 1-8045 
6111 FIFTH AVENUE 


PITTSBURGH 382, PA. 


J. WILLIAM FEHNEL, Consultant 
80 years experience in 
INDUSTRIAL HEALTH, AIR AND 


STREAM POLLUTION PROBLEMS 


P. O. Box 172 Central Station 
Jamaica 35, New York 
Telephone: JAmaica 9-2438 


CHapman 5-6563 Cltrus 4-3727 


ALBERT L. CHANEY 
CHEMICAL LABORATORY, INC. 
1503 East Chevy Chase Drive 
Glendale 6, California 


CONSULTATION and RESEARCH 


AIR POLLUTION TRACE ELEMENT 


INDUSTRIAL HYGIENE ANALYSES 
AND AND 
TOXICOLOGY MICROCHEMICAL 


== 
== 


1956 


f Ex. 


Hear. 


rance, 
Michi- 


Pre. 
al In- 
gress. 
logical 
tional 
21-38. 


27 


OF HIGH-VOLUME SAMPLERS 


BERNARD D. TEBBENS, Sc.D., and DONALD M. KEAGY, M.S. 


University of California, Berkeley 


ITH INCREASING use of high-volume 

samplers for assay of particulates in 
large volumes of air, a need is felt for de- 
termining the air flow rate through the 
filter. This was called to our attention by the 
sampling network for air pollutants of the 
Public Health Service in which program 
some hundred or more filtration samplers 
are in use.! A requisite of such sampling de- 
vices is that they handle 40 to 70 or more 
cubic feet of air per minute, a quantity not 
readily measured by flowmeters or gas 
meters available in most laboratories. 

The type of high-volume sampler under 
consideration is shown in Fig. 1. This 
equipment has a built-in flow rate meter 
which measures a small aliquot of the total 
volume. Its scale is arbitrary and is proba- 
bly reasonably accurate. In several possible 
ways, however, the flow- 
meter can become mal- 
adjusted, so that its occa- 
sional calibration is in or- 
der. 

Several techniques come 
to mind for making such a 
calibration. These include 
velocity traverses at the fil- 
ter face with a thermoane- 
mometer,? dilution calibra- 
tion,? and velocity or vol- 
ume measurements in a 
duct used as a miniature 
wind tunnel. After pre- 
liminary experimentation 
with velocity traverses and 
with dilution of CCl, in a 
350 cubic foot chamber, the 
choice of technique fell to 


The present address of Mr. Keagy 
is Community Air Pollution Pro- 
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a very simple procedure utilizing a venturi 
meter in small duct-work upstream of the 
filter. This system is illustrated in Fig. 2. 

The venturi meter is one designed after 
that illustrated in Industrial Health Engi- 
neering,* with a two-inch i.d. throat and 
four-inch duct. The pressure taps were con- 
nected to a one to eight inclined manometer 
to magnify the readings. Six feet of four- 
inch pipe were added upstream of the ven- 
turi with a honeycomb straightener to mini- 
mize turbulence at the venturi. 

An adapter was constructed to connect the 
filter holder of the sampler to this flow sys- 
tem. Care was taken to insure the integrity 
of the flow system at this point, since any 
inward leakage at this juncture would not 
be measured at the venturi. In order to 
simplify the variation of air volume through 


Fig. |. 


High-volume sampler, filter medium and adapter to venturi meter. 


Fig. 2. 
Flow calibration system. 
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Fig. 3. 
Calibration curves for high-volume samplers. A. Network sampler. B. Sampler as received (solid); 


maladjusted (dashed); 


the filter, a variable voltage transformer 
was used to control the fan speed through 
a range such that air flow measured on the 
gage of the high volume sampler could ex- 
tend through its useful range. Without this 
arrangement it would be necessary to add 
more filter medium or otherwise obstruct 
flow at the filter holder in order to vary the 
volumetric rate. 

To increase the precision of the measure- 
ments, the venturi meter was calibrated 
against an industrial gas meter (positive 
displacement type) located at the meter shop 
of Pacific Gas and Electric Company. This 
is mentioned to call attention to this type of 
resource for basic large volume rate meas- 
urements. The meter, which is bulky and 
heavy, would be suitable for calibrating 
high volume samplers but is not ordinarily 
among the instrumentation of air pollution 
or industrial hygiene laboratories. Once 
calibrated, however, the small venturi meter 
is readily stored, moved or set up for use. 


readjusted (dotted). 


Results 
With THE CALIBRATING equipment as- 

sembled, a group of 12 high-volume 
samplers was calibrated with rechecks on 
many points of the curves. To indicate the 
simplicity of the procedure, ten of these in- 
struments, having identical filter holders, 
were calibrated in a time trial. Ten minutes 
was an adequate amount of time to hook up 
and complete a calibration of the useful 
flow range of each of them. 

Fig. 3A shows the calibration curve for 
a high-volume sampler as received for use 
in the air pollution network of the Public 
Health Service. The solid line of Fig. 3B 
shows the calibration for a second sampler 
as received from the factory. The dashed 
curve is that of the same equipment, with a 
small but significant maladjustment of the 
flow gage intentionally made. A similarly 
significant maladjustment could occur ac- 
cidentally in handling the instrument. The 
third curve of Fig. 3B (dotted) is for the 
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TABLE I. 
GAGE FLOW AND MEASURED FLOW FOR HIGH- 
VOLUME SAMPLER 


As Received Readjusted 


Ven- % Ven- % Ven- % 
Gage turi Diff. Diff. turi Diff. Diff. turi Diff. Diff. 


65 64 1 2 


Maladjusted 


60 58 2 3 
55 56 1 2 54 1 2 
50 52 2 4 64 14 28 «650 0 0 
45 59 14 31 45 0 0 
40 43 3 7 54 14 35 42 2 5 
35 38 3 9 49 14 40 

30 34 4 13 41 11 37-332 2 7 
25 28 3 12 35 10 40 27 2 8 


All volume rate measurements in cubic feet per minute. 


same instrument, but with the flowmeter 
readjusted to give zero correction at a vol- 
ume rate of 50 cubic feet per minute. The 
dita for Fig. 3B are shown in Table I. 


Conclusions 


HESE RESULTS indicate that the gage in 

corporated into the commercial high-vol- 
ume samplers studied is capable of measur- 
ing flow rates within 10% of the actual rate 
over a range from about 25 to 70 cubic feet 
per minute. In our experience, the instru- 
ment as purchased is not necessarily within 
that limit of accuracy but by readjustment 
can be brought within it. Over a narrower, 
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preselected range, the gage readings may be 
adjusted to be within 5% of actual flow 
without change of scale. 

Clearly the calibration range of this tech- 
nique could be increased to encompass 
larger flow rates by modification of venturi, 
duct-work and/or manometer slope and 
fluid. To lower the calibration range would 
require increasing precision of pressure 
differential measurement and could proba- 
bly be accomplished at some cost in con- 
venience and simplicity. It is worth noting 
that the venturi calibration should be made 
preferably at the conditions of temperature 
and pressure to be used. Corrections could 
be made for variations from these condi- 
tions by taking account of the density of 
air in the standard venturi formula. 

It is comforting, in this as in other en- 
vironmental assay procedures, to be able to 
check quickly the flow calibration. The pro- 
cedure described accomplished that goal. 
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Recent Industrial Hygiene Developments 
—A SYMPOSIUM— 


HE FOLLOWING papers were presented at 

the Joint Session of the AMERICAN IN- 
DUSTRIAL HYGIENE ASSOCIATION and the 
American Conference of Governmental In- 
dustrial Hygienists, at the 1956 Industrial 
Health Conference in Philadelphia, April 24, 
1956. 


In the Field of Air Pollution 


HENRY N. DOYLE, Chief 
Occupational Health Program 
U.S. Public Health Service 
Washington, D.C. 


ROBABLY the most significant development 

in the past year in air pollution as it may 
affect industrial hygiene or any of the 
health-related sciences is the passage of 
Public Law 159. Public Law 159, which was 
signed by the President on July 14, 1955, 
authorized a comprehensive program of 
community air pollution research and tech- 
nical assistance to the States, communities, 
and other organizations. The act declares 
“the policy of Congress to preserve and pro- 
tect the primary responsibilities and rights 
of States and local governments in control- 
ling air pollution, to support and aid techni- 
cal research, to devise and develop methods 
of abating such pollution, and to provide 
Federal technical services and financial aid 
to State and local government air pollution 
control agencies and other public or private 
agencies and institutions in the formulation 
and execution of their air pollution abate- 
ment research programs.” The law author- 
izes the expenditure of funds not to exceed 
¢€5 million per year for a period of five years. 
In 1956, $1,722,000 was appropriated. For 
fiscal year 1957, $3,000,000 has been re- 
quested. 

The community air pollution program 
within the Public Health Service is carried 
out by the Divisions of Sanitary Engineer- 
ing Services and Special Health Services. 
The technical work of the Division of Sani- 


tary Engineering Services consists of tech- 
nical assistance, training, and demonstra- 
tions related to engineering and is carried 
out at the Robert A. Taft Sanitary Engi- 
neering Center. The Division of Special 
Health Services has the responsibility for 
the determination of the health effects of 
air pollution. The technical studies, particu- 
larly as they relate to toxicology and medi- 
cal effects, are being performed at the Oc- 
cupational Health Field Headquarters. The 
primary objective of the toxicologic studies 
is determination of the toxic effects of such 
air pollutants as ozone, nitrogen oxide, and 
sulfur derivative hydrocarbons on test ani- 
mals. Much of the medical research is being 
earried out through contractual arrange- 
ments with universities and private organi- 
zations. These relate primarily to studies of 
the biologic effects of air pollution on health. 
Included are studies of the feasibility of us- 
ing tissue culture and tissue enzymes to 
evaluate the toxicity of different air pollu- 
tants. A third project at the National Insti- 
tutes of Health involves the statistical de- 
termination of geographic variations in the 
leading causes of death. This information, 
when correlated with environmental find- 
ings, will provide leads for community 
epidemiologic studies of air pollution. 
Because of the diverse interest of many 
federal agencies in air pollution, an inter- 
departmental committee on community air 
pollution has been organized. The Depart- 
ments of Agriculture; Commerce; Defense; 
Health, Education, and Welfare; and In- 
terior; and the Atomic Energy Commission 
and National Science Foundation are rep- 
resented on the committee. This committee 
will provide liaison between and coordina- 
tion of federal activities relating to air pol- 
lution. It will review from time to time the 
policies and programs related to community 
air pollution of the federal agencies, the 
general status of technical knowledge con- 
cerning air pollution, particularly with re- 
gard to the area and scope of needed re- 
search and other technical activities and 
advise the Surgeon General thereon. At the 
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first formal meeting of the committee, held 
in November, 1955, the areas of interest and 
responsibility of each of the participating 
agencies were determined. Public Law 159 
vests the primary authority for air pollu- 
tion studies in the Public Health Service 
but authorizes it to cooperate with and 
finance studies of other federal departments. 

In addition to research—both through 
direct operation and contracts—another im- 
portant activity has been technical consulta- 
tion to the States and communities. Person- 
nel were assigned to the California State 
Department of Public Health to aid in a 
special study of the Los Angeles problem 
and to assist in the development of a state- 
wide program. Other personnel have been 
assigned by the Sanitary Engineering Cen- 
ter to the Los Angeles Air Pollution Control 
District to assist in the conduct of a special- 
ized aerometric survey and oil refinery 
studies. Another cooperative effort involving 
special studies of air pollution in the Louis- 
ville, Kentucky area has been initiated to 
study the source and character of air pollu- 
tants in that area. This study, which is ex- 
pected to be completed in two years, was 
initiated in January, 1956. 

Direct research operations at the Sanitary 
Engineering Center included extension of 
the national air sampling network to a total 
of 45 cities and 74 sampling stations. Anal- 
ysis of the material being collected includes 
determination of the weight of material col- 
lected, identification of 17 metals, certain 
anions and organic fractions as well as the 
radioactivity levels. Twenty-six research 
projects are under way at the Sanitary En- 
gineering Center. These include research to 
establish the relationship between atmos- 
pheric pollution and meteorologic variables, 
studies of the performance and design fac- 
tors involved in controlling air pollution 
from incinerators, and development of con- 
trol devices utilizing fabric filters. Eight 
studies are under way to develop methods 
for determining the composition of air pol- 
lutants and for the development of instru- 
ments for air pollution measurement. Work 
also includes a detailed examination of cer- 
tain air samples, studies of economic costs 
of air pollution, and studies of control in 
several industries. 

In addition to its directly conducted re- 
search activities, the Public Health Service 
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is supporting air pollution studies in other 
federal agencies. The U. S. Weather Bureau, 
U. S. Bureau of Mines, and National Bureau 
of Standards are all undertaking important 
studies. The Weather Bureau, for instance, 
is studying the meteorologic parameters 
contributing to the severity of air pollu- 
tion. The Bureau of Mines is investigating 
the incineration of combustible wastes, 
evaluating sulfur dioxide removal processes, 
and studying the effluents from automobile 
exhausts. The Bureau of Standards is devel- 
oping methods for sampling and analysis of 
air pollutants and is studying the inter- 
reactions of air pollutants at the source and 
in the atmosphere. Negotiations have also 
been completed with the Library of Con- 
gress to provide a continuous abstracting 
service and to compile an annotated bibli- 
ography covering all phases of the air pol- 
lution literature. 

Utilizing the grants mechanism of the 
National Institutes of Health, to date, 20 
air pollution research grants, totaling 
$481,359 have been awarded. Of these, six 
are in the field of physical science and engi- 
neering and the remaining 14 are concerned 
with the health effects of air pollutants. 

Training will be eventually another maj- 
or activity under Public Law 159. To date, 
the Sanitary Engineering Center has held 
several seminars for State and local person- 
nel. The fact that 95 people from 31 States, 
14 cities, and five countries attended the 
September, 1955 seminar indicates the 
widespread interest in air pollution. An- 
other technical seminar was held in 1956 
which concerned itself with atmospheric 
sampling, analytic procedures, sampling 
theory and techniques, and air pollution 
meteorology. A third seminar is planned for 
May, 1956. 

These developments, all related to the pas- 
sage of federal legislation in the air pollu- 
tion field, will probably stimulate expanded 
research activities in air pollution, not only 
by federal agencies but by private organi- 
zations as well. In passing this legislation 
Congress recognized that the Federal Gov- 
ernment had a responsibility in research 
and development but it left the control of 
air pollution in the hands of local authori- 
ties and private enterprise. The research 
being stimulated by this law promises to 
have the same beneficial effect in the air 
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pollution area that stream pollution investi- 
gations had in the correction of interstate 
waste problems. 


In the Field of Chemistry 


RALPH G. SMITH, Ph.D. 
Department of Industrial Medicine 
and Hygiene, College of Medicine 

Wayne State University 

Detroit, Michigan 


4 yes PAST YEAR has produced a number of 
papers relating to the chemistry of in- 
dustrial hygiene which serve to indicate 
that the field is an active one, and one in 
which a tremendous amount of work re- 
mains yet to be done. A complete review of 
all published work would be prohibitively 
long; instead, the present effort seeks to 
present some of the more pertinent ac- 
complishments noted in the past year’s 
literature. 

Classic problems associated with such 
well-studied substances as lead and silica 
continue to be studied, as well as entirely 
new problems related to materials only re- 
cently used by industry. Jephcott and Wall,* 
for example, reviewed existing methods for 
determining free silica by means of phos- 
phoric acid, and concluded that several 
modifications of such methods improved the 
accuracy of the determination. Particular 
attention was paid to the errors which 
arise when the size of particles being ana- 
lyzed was neglected, and data are pre- 
sented to substantiate their conclusions. 

A new dithizone procedure for determin- 
ing lead in urine was described by McCord 
and Zemp,‘ in which lead, as the iodide, is 
extracted from methyl isopropyl ketone, 
then removed with sodium hydroxide prior 
to its estimation as the dithizonate. 

In the continuing attempt to fully utilize 
the speed and ease of spectrographic meth- 
ods, Kumler and Schreiber® have published 
a method for lead in blood which is shown to 
be more rapid than chemical methods for 
large numbers of samples, and which is as 
accurate and sensitive as needed for this 
determination. Whole blood samples are 
partially wetashed, bismuth is added as an 
internal standard, and a small portion of the 
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resulting homogenous liquid is then in- 
troduced in carefully controlled fashion to 
the electrode. 

The spectrograph was also used by 
Keenan and Kopp® to determine trace quan- 
tities of cobalt in animal tissues. For many 
purposes, direct analysis of tissues is pos- 
sible by their method, and when extreme 
sensitivity is required, the samples may be 
chemically treated in such fashion that the 
cobalt is greatly concentrated. 

Mercury was the subject of two papers 
published by different groups, both choosing 
to use dithizone as the color-forming rea- 
gent. Polley and Miller® devised a micro- 
procedure suitable for either biological or 
mineral materials, and Campbell and Head! 
produced a _ single-extraction method for 
urinary mercury which utilizes the chelat- 
ing agent Versene to complex interfering 
metals. The various ashing procedures used 
to destroy the organic matter of urine were 
studied, and the sulphuric acid—permangan- 
ate ashing-—was considered superior to the 
others. 

An unpublished work of Shepherd!® at the 
National Bureau of Standards appeared 
posthumously, and dealt with the N.B.S. 
indicating gels for carbon monoxide. Using 
the procedures outlined by the authors, the 
sensitivity of the gels may be greatly in- 
creased, so much so that as little as 0.1 PPM 
CO may be determined. The obvious use of 
this great sensitivity is the analysis of air 
in conjunction with air pollution studies, a 
field in which existing methods of carbon 
monoxide estimation have been largely in- 
adequate. 

Smith and Gardner!” studied the de- 
termination of fluoride in urine and recom- 
mended a method similar to that generally 
in use. Samples are heated with calcium ox- 
ide, distilled and colorimetrically evaluated 
with Alizarin Red S and thorium. 

A needed specific method for acrolein in 
the presence of other aldehydes was devised 
by Van Sandt, et al.!° Analysis is performed 
polarographically after samples have been 
collected on silica gel. Care must be exer- 
cised throughout the analysis to exclude air 
from the prepared sample. 

Hydrazine in both air and blood plasma 
was investigated by McKennis and Witkin,” 
and Prescott, et al,!! respectively. In the air 
determination, which is also suitable for 
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ammonia vapors, samples are collected in 
sulphuric acid, ammonia is removed by 


aeration after suitable treatment, then 
nesslerized, and hydrazine is reacted with 
p-dimethylaminobenzaldehyde. For the 
plasma estimation, 4-pyridylpyridinium di- 
chloride is used to develop a color with as 
little as 0.1 microgram of free hydrazine. 

A rapid method of detecting aniline 
vapors in air was reported by Riehl and 
Hoger,!* in which paper strips impregnated 
with furfuralacetic acid mixture turn pink 
to red when exposed to aniline vapors. 

Hill and Johnston? and Hill, et al,*? pub- 
lished further studies relating to boron, de- 
scribing both a rapid iodometric method for 
boron-containing atmospheres, and a direct 
ultra-violet procedure for decaborane which 
does not require conversion to boric acid. 

A rapid technique for evaluating indus- 
trial benzidine exposure was described by 
Sciarini and Mahew,'* in which a simple 
urine test is performed. The specimen is 
rendered alkaline, an extraction with ethyl 
acetate-acetone is performed, and the yellow 
color developed with Chloramine T is meas- 
ured spectrophotometrically. 

Kusnetz‘ devised a rapid field method for 
measuring the concentration of radon 
daughters in mine atmospheres. After col- 
lection of samples on filter paper, the alpha 
activity is measured, and results are con- 
verted directly to fractions of tolerance level 
by graphical means. 

Certainly, the great diversity of chemical 
problems in industrial hygiene is well ex- 
emplified by the subjects treated in this 
brief review, and constant effort is neces- 
sary to improve existing methods and devise 
new, more rapid, and more specific methods. 
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In the Field of Engineering 


LESLIE SILVERMAN, Sc.D. 
Harvard School of Public Health 


Boston, Massachusetts 


T IS DIFFICULT to cover the field of indus- 

trial hygiene engineering developments 
in recent years without the possibility of 
conflicts with developments in related fields 
such as air pollution control. In the limited 
time provided, however, I am restricting 
my discussion to items which may be con- 
sidered logically as problems of the indus- 
trial hygiene engineer. 

Industrial hygiene engineering develop- 
ments are not apt to be startling in consider- 
ing a short period since they are usually 
based on long time process evaluations and 
critical studies of new manufacturing oper- 
ations or methods of production. 

It is true that, in general, industrial hy- 
giene engineering developments must keep 
pace with engineering developments in 
order to anticipate, prevent, or minimize 
hazards. In many instances the anticipation 
approach is neglected or greatly delayed. 
The process is often placed in operation 
without prior discussion or consideration 
by individuals who could recognize potential 
contamination of the working environment 
or spot an unusual hazard from radiation, 
inhalation or skin effects. 


Welding Studies 


HE DEVELOPMENT of new welding tech- 

niques such as the inert gas shielded arc 
is a recent example of a problem where con- 
ventional control methods did not apply be- 
cause the conditions of contamination are 
unique. In welding aluminum with argon or 
helium as the shield gas it is possible to 
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control the fume at the source and yet not 
eliminate exposure to ozone completely. This 
is because the ozone is created by ultra- 
violet radiation from the aluminum spec- 
trum. We have studied this in detail! and 
so have others such as Ferry.? However, 
when the process involves the use of the 
inert-shielded arc on mild or stainless steels 
the radiant energy produced does not create 
as much ozone so conventional methods ap- 
pear to give nearly complete control. From 
our experience, the only reasonable ap- 
proach to the high ozone levels created close 
to the breathing zone is to provide an air 
supplied helmet to the worker or supply 
sufficient general ventilation to dilute the 
concentration below permissible values. 
General ventilation may be only partially 
satisfactory, is likely to be an economic bur- 
den and will cause a drafty condition. It 
therefore appears to be less desirable. 

The recent use of carbon dioxide as an 
inert shield gas for mild steel welding is 
increasing and studies of engineering con- 
trol for its use are lacking. The question 
of carbonyl formation is unanswered, how- 
ever, theoretical and practical considera- 
tions of the temperatures and radiation in- 
volved make the probability it can be pres- 
ent appear unlikely. The use of conventional 
local exhaust ventilation, if maintained at 
a distance which does not disturb the inert 
shield gas flow, has not created any prob- 
lems in practice for CO. welding gas opera- 
tions. 


Gas Cleaning 


Work on the development of fibrous media 

and filters in recent years has proceeded 
at a fairly rapid pace. The application of 
these developments to control contamina- 
tion in working environments is becoming 
increasingly important. Studies such as 
those reported by Fitzgerald and Detwiler?; 
Kramer‘; Silverman, Conners, and Ander- 
son® have indicated that new techniques may 
be applied to aerosol filtration so that effi- 
ciencies beyond 99.99% (penetrations of 
less than 0.01% ) can be obtained on aerosols 
of submicron particles. Of particular inter- 
est in this area is the further delineation of 
forces in filtration mechanisms. The work 
cited above has contributed to our knowl- 
edge of electrostatic forces present in 
fibrous filters. 


September, 1956 


In the field of electrostatic precipitation 
the recent work by Thompson, Myron and 
Davis® has indicated important factors to 
consider in operating on open hearth steel 
furnaces. These authors have shown that, 
using pipe type units, it is possible to clean 
open hearth fume to 98 to 99% with reten- 
tion times of 0.58 to 0.88 seconds; to 96 to 
98% with periods of 0.44 to 0.58; and to 92 
to 96% with 0.35 to 0.44 periods. Water in- 
jection was not of material assistance in 
improving efficiency. Dry plate precipitators 
showed less effective results since efficiencies 
obtained ranged from 83 to 97%. 

A new approach to high temperature gas 
cleaning has been developed in our labora- 
tory and is presented in three recent 
papers.7:*.® This method involves the use of 
refractory slag wool fibers made from by- 
product blast furnace slag. These fibers 
are formed into a slurry which is dried in a 
continuous filter, passed through the con- 
taminated gas stream and returned to the 
slurry for washing and reuse. Laboratory 
studies and early pilot plant investigations 
appear promising. Efficiencies above 90% 
have been obtained in both cases on 0.03 yp 
fume at resistances of two to six inches of 
water. 

The important factor is that the fil- 
tration velocities used for this performance 
have exceeded 100 feet per minute which 
considerably reduces the size of equipment 
necessary for large gas volumes. Typical 300 
ton open hearth furnaces involve 40 to 
50,000 cubic feet of gas at temperatures 
above 1000°F. 

A recent description of the application 
of precipitators to ferro-manganese blast 
furnace cleaning has been given by Good.!? 
Many technical difficulties were encountered 
and overcome before the present satisfac- 
tory engineering control of pollution was 
obtained. Other precipitator studies on fly 
ash collection have been reported by Flodin 
and Haaland!! and White.!2 

The mechanism of separation on louver- 
type dust separators has been studied at 
length by Smith and Goglia.!* Their data 
showed that the percent of initial dust 
separated was essentially independent of 
initial air velocities and dust concentra- 
tions. Particles as small as 10 pw were 
separated although the device is more ef- 
fective on particles above 40 p. 
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Engineering Control of Working Environments 
NEW STUDIES in this area are limited. A 

recent study by Venable!? is of interest 
in that it shows many aspects of handling 
engineering improvement of an aromatic 
solvent exposure. Venable reports on meth- 
ods of reducing or controlling losses at 
the source. 

Control of general exposures to uranium 
by limiting the degree of contamination of 
steel scrap is discussed at length by Mc- 
Alduff.1° This article focuses attention on 
the need for evaluation of the many aspects 
of the atomic energy industry which are be- 
ginning to pervade other industries. A 
recent article by Kramer and Goldwater!® 
describes the control of mercury hazards 
during its use as a casting material. The 
fact that the air concentrations could be 
maintained within safe values when using 
large amounts of mercury even though at 
low temperature in most exposures is a 
tribute to engineering ventilation design. 

At last year’s (1955) engineering session 
of the AIHA we presented the results of a 
study of resistance losses in various types 
of flexible hose.17 These data permit more 
accurate selection of hose, blowers and ex- 
hausters and other air moving equipment. 
The effect of spiraling flow and its influence 
on resistance was observed. This caused the 
friction factor to increase with increasing 
diameter. 


New Books 


N THE PAST YEAR new books have appeared 

which will be of appreciable value to in- 
dustrial hygiene engineers. One is the re- 
cent revision of Drinker and Hatch.!8 The 
new edition is thorough and includes the 
latest approaches in industrial hygiene en- 
gineering. 

Hemeon’s recent book!® on plant and 
process ventilation is an excellent coverage 
of the field and presents some novel treat- 
ment of certain problems. Also appearing 
in the past year in book form are the pro- 
ceedings of the first international congress 
on air pollution.2® A number of technical 
papers on engineering control of air pollu- 
tion are included in this volume. 

Another recent book of interest to in- 
dustrial hygiene engineers is a new hand- 
book on electroplating engineering.2! Two 
chapters in this book cover industrial hy- 
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giene engineering approaches and a number 
of other related chapters are of interest. 

Some of the papers included in the re- 
cent proceedings of the International Con- 
ference on the Peaceful Uses of Atomic 
Energy, which just appeared (April, 1956) 
cover many aspects of industrial hygiene 
engineering as applied to atomic energy 
problems. Those wishing to become ac- 
quainted with recent developments in this 
field of activity should consult the pertinent 
volumes. 


General 


N MAKING this review I was impressed 

with how little really recent work could be 
strictly claimed as solely industrial hygiene 
engineering accomplishments. Perhaps this 
is because many aspects of industrial hy- 
giene engineering can be performed by peo- 
ple with specific basic training such as 
mechanical, ventilation or chemical engi- 
neers. It may also be attributed, at least 
partially, to modesty of industrial hygiene 
engineers. Problems once solved are viewed 
as a finished project and they are too con- 
cerned in solving new ones than in reporting 
success on old items. More reporting of suc- 
cessful engineering control of exposures and 
the features which are uniquely those of 
industrial hygiene should be encouraged. 
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In the Field of Noise 


VAUGHN H. HILL 
E. |. du Pont de Nemours & Co., Inc. 
Wilmington, Delaware 


OISE CONTROL is demanding an increas- 

ing portion of the Industrial Hygien- 
ist’s time and, therefore, justifies an over- 
all look at recent developments. 


Management Acceptance 


ONE OF THE most significant developments 

in the past year has been the acceptance 
by management of the facts that (1) they 
have a noise problem, (2) it is serious 
enough to warrant action, and (3) the re- 
sponsibility of protecting employee health 
and safety from excessive noise belongs to 
management. In most cases we no longer 
need to spend valuable time convincing man- 
agement, but are at liberty, in fact, encour- 


aged, to pursue methods of controlling 
noise. 


AIHA Noise Manual 


HE AIHA recognizes the need for a practi- 
cal manual to guide Industrial Hygienists 
in controlling industrial noise. To fill this 
need they have formed a noise committee 
and charged it with the responsibility of 
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preparing such a manual. Subjects covered 
by this manual will probably be: 

(1) Physics of sound. 

(2) Measurement of sound. 

(3) Man’s physiological 

sound. 

(4) Hearing conservation. 

(5) Engineering control of sound. 

Second drafts of each chapter of this 
manual have already been completed and it 
is expected that the final draft will be com- 
pleted for the 1957 annual meeting. It is not 
too late to include suggestions or data to 
help make this manual of maximum useful- 
ness. K. M. Morse, of the U. S. Steel 
Corporation, chairman of this committee 
or any committee member as listed in the 
current issue of the Quarterly, will be glad 
to accept any contribution. Of particular 
interest would be examples of noise control 
treatments tried and found successful. No 
one of us has had experience with all types 
of noise problems but by pooling our ac- 
complishments all should benefit. 


reaction to 


More Information Now Available 


()RGANIZATIONS outside our own AIHA have 

been active during the past year in 
making available recent technical and prac- 
tical information on noise control. Many or- 
ganizations are involved but time permits 
the mention of only a few. 

ASSOCIATED INDUSTRIES OF NEW YORK 
STATE, in their annual meetings on noise 
control, present papers on practical solu- 
tions to noise problems. These papers are 
presented by representatives of various 
companies and are published in the AIHA 
Quarterly. Each year these meetings in- 
crease in value as the activity in noise con- 
trol increases. 

THE NATIONAL NOISE ABATEMENT SYM- 
POSIUM held yearly at the Illinois Institute 
of Technology presents a similar program 
except of a more technical nature. The pro- 
ceedings of these meetings are published in 
Noise Control. 

THE MASSACHUSETTS INSTITUTE OF TECH- 
NOLOGY sponsors a conference on noise con- 
trol about every two years and the one this 
past year was exceptionally good in that an 
attempt was made to provide the Industrial 
Hygienist with practical data for field ap- 
plication. Proceedings of this conference 
were also published in Noise Control. 


an 


Industrial Hygiene Quarterly 


Since the magazine Noise Control has 
been already mentioned twice, it might be 
in order to say that this quarterly publica- 
tion has established itself during the past 
year as a valuable reference for Industrial 
Hygienists who are concerned with con- 
trolling industrial noise. It provides tech- 
nical and practical data on all phases of the 
problem. 


Machinery Noise Specifications 

N OUR HASTE to get existing noise problems 

under control we must not overlook the 
preventive side of the problem as far as new 
construction or machinery replacement is 
concerned. Manufacturers are awakening to 
the fact that noise production characteris- 
tics of a machine are important specifica- 
tions. Some are taking steps to provide such 
data. It is quite generally accepted that 
noise power output is the best specification 
for predicting the noise production charac- 
teristics of machines, for specific conditions 
of installation. Most acoustical engineers 
agree that the echo-free room, i.e., anechoic 
chamber, provides the best environment for 
making measurements of sound power out- 
put. However, few manufacturers feel they 
can afford such facilities. As a result, or- 
ganizations such as the American Institute 
of Electrical Engineers (AIEE), National 


Electrical Manufacturers Association 
(NEMA), American Fan Manufacturers 
Association (AFMA), Industrial Unit 


Heater Association (IUHA) and the Ameri- 
can Society of Heating and Air Condition- 
ing Engineers (ASHAE) are investigating 
less costly means of measuring sound power 
output. There is indication that this might 
be accomplished in the next year or two. In 
the meantime, some companies are using 
some adaptation of the American Standards 
Association (ASA) Apparatus Noise Meas- 
urement Standard together with some noise 
criteria to identify excessively noisy equip- 
ment. By bringing this to his attention, the 
manufacturer is rapidly being made to 
realize that noise is a competitive problem. 
It is interesting to note how readily other 
manufacturers can get in line as soon as one 
solves the noise problem. The manufacturer 
of electric motors provides a good example. 
As soon as one manufacturer proved that 
quiet motors were practical, others found 
they could also meet the demand. As a re- 
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sult, you can now select a motor that will not 
create a noise problem. 

Our job is to warn our companies against 
buying new noise problems. The first step in 
preventing this is to supply Design and 
Purchasing Departments with noise speci- 
fications for machinery. 


Automatic Audiometer 


O ASSIST in hearing conservation pro- 

grams where large numbers of hearing 
tests must be made, a new audiometer has 
been developed called the automatic audio- 
meter. With this device the patient takes his 
own audiogram after having been given a 
few simple instructions. One operator can 
supply the instruction necessary to keep 
three automatic audiometers in operation. 
Indications are that to justify automatic 
audiometry, enough tests to keep three ma- 
chines in operation are required. 


Impact Meter 


VEN THOUGH less is known about the rela- 
tion between hearing damage and ex- 
posure to impact noise than for steady state 
noise, fairly accurate field measurements of 
impact noise is desirable if we expect to 
develop damage risk criteria or evaluate cor- 
rective measures. Until recently, field meas- 
urements of impact noise was too com- 
plicated to attract widespread use. The 
General Radio Corp. now has available an 
instrument called the Impact Noise Ana- 
lyzer which gives promise of improving this 
condition. This instrument is simple to oper- 
ate, easily portable, relatively inexpensive, 
can be used with frequency analyzers and 
provides fairly accurate measurements of 
impact noise. It is hoped this instrument 
will be valuable in the study and control. of 
impact noise which has been sadly neglected 
up to now. 

To summarize these recent developments: 

1. Management is accepting the noise 
problem and is looking to us for the an- 
swers. It is our move now to get the job 
done. 

2. AIHA will soon have available a manual 
on noise control which should be a guide in 
solving industrial noise problems. This 
should considerably reduce the necessity of 
searching through many sources for the 
answers to your problems. 

3. Organizations outside the AIHA are 
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also active in this field. While it is prac- 
tically impossible to cover them all, it is 
wise to keep an eye on a few to provide as 
broad a coverage as possible. 

4. Don’t buy new noise problems. Pro- 
mote the use of machinery noise specifica- 
tions to emphasize the importance of the 
noise problem. 

5. If you have many audiograms to take, 
consider the automatic audiometer; it might 
save you money and provide more uniform 
data. 

6. If you have impact noise problems, you 
should consider the use of an Impact Noise 
Analyzer. 

Only a few of the recent and important 
developments in the field of industrial noise 
control (as far as the Industrial Hygienist 
is concerned) have been discussed. The in- 
terest shown in this field today indicates 
that new and significant developments will 
be forthcoming in increasing numbers. If 
one is to keep abreast of this new and rapid- 
ly developing field, constant vigilance of 
current literature will be required. 


In the Field of Radiation 
SAUL J. HARRIS 


Atomic Industrial Forum, Inc. 
New York City 


U IS NOT possible to cover all the develop- 
ments in the field of radiation in the 
course of this paper, but after discussing 
the subject with several persons in this 
field, I have concluded that the following 
are probably the most significant. 

Many developments have been primarily 
“administrative,” that is, they deal with the 
development of regulations, codes and stand- 
ards and the matter of agency jurisdiction 
over health and safety. 

In June, 1955, a conference was held on 
the subject of health physics, and as a result 
of that conference, a preliminary organiza- 
tion of professional health physicists was 
formed. 

In July, 1955, the AEC published its pro- 
posed standards for protection against radi- 
ation as part of Article 10 of the Code of 
Federal Reguiation. Although other parts 
of the same Title may also be based upon a 
need to consider the hazardous aspects of 
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atomic energy, Part 20 will be among the 
first Federal occupational health codes to 
be enforced by a Federal agency. Many in- 
teresting new concepts in radiation protec- 
tion are included in the AEC’s proposed 
code. It is expected that a revised draft will 
be forthcoming shortly. 

Many papers on radiation protection were 
submitted to the International Conference 
on the Peaceful Uses of Atomic Energy, 
which was held in Geneva in August, 1955. 
The legal and administrative aspects of the 
problem received a great deal of interest. 

In December, 1955, the American Stand- 
ards Association called a National Confer- 
ence on Standardization in the Field of 
Nuclear Energy to review its program in 
this area and to obtain the thinking of a 
large cross-section of industry, government, 
labor and others on the need for additional 
American Standards Association activities. 

As a result of this meeting, a Planning 
Committee was established to review the 
present status of standards and recommend 
appropriate action. This Committee met in 
full session on February 15, 1956, and this 
meeting was followed by meetings of the 
various subcommittees. Reports of these 
subcommittees were analyzed on March 15, 
1956, at a meeting attended by the subcom- 
mittee chairmen and the Chairman of the 
Planning Committee. The major recommen- 
dation was for the American Standards As- 
sociation to establish a nuclear standards 
board. 

In December, 1955, the National Bureau 
of Standards issued Handbook No. 61 on 
the regulation of radiation exposure by 
legislative means, which contained the 
recommendations of the National Commit- 
tee on Radiation Protection concerning the 
development of acts and regulations on the 
part of state government. 

In March, 1956, the New York State 
Health Department and the New York State 
Labor Department radiation protection 
regulations became effective. 

This same month, the United Nations 
Radiation Committee had its first meeting 
and elected officers. The next meeting will 
be in about five months. This Committee was 
established in December, 1955, by the 
United Nations as a committee of specialists 
from 15 nations to collect information on 
radiation levels and radiation effects on man 
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and his environment from 85 nations. Work- 
ing groups were set up on genetics, internal 
and external radiation effects, natural radia- 
tion background, exposure during medical 
procedures and occupational exposure. It is 
not clear at this moment what the relation- 
ship is between this special committee and 
the World Health Organization which pub- 
lished in July, 1955, a summary of national 
laws and regulations on radiation protec- 
tion. 

On March 20, the Atomic Industrial For- 
um conducted a conference workshop on 
Public Relations for the Atomic Industry. 
In discussing problems arising from the 
peacetime uses of atomic energy, Andrew B. 
Biemiller, representative of the AFL-CIO, 
stated that “the problem that comes up 
most of all is that of health and safety. 
There have been some rather lurid tales out 
about the potential dangers of the indus- 
try.” 

Early this month the International Com- 
mission on Radiological Protection and the 
International Commission on Radiological 
Units met in Geneva. As a result of this 
meeting, some revisions are to be made in 
airborne concentration limits for radio- 
isotopes and a new edition of the National 
Bureau of Standards Handbook No. 52 may 
be prepared. 

These activities indicate diversified at- 
tempts to evaluate the importance of radia- 
tion protection. In some industries and areas 
the problem is considered negligible and in 
others it is paramount. The increase in 
legislative activity points to the need for 
precise legal definitions of such terms as 
“radiation hazards,” “radiation installa- 
tions”, and “qualified expert.”’ These defini- 
tions, however, relate to the philosophy of 
the agency or the organization toward the 
importance of radiation protection in its 
scope of activity. 

A problem exists in placing radiation pro- 
tection into proper perspective. The quali- 
fied, responsible officials must face this prob- 
lem as they attempt to step back and take a 
hard look at the field of radiation hygiene. 

It has been said that the development of 
control techniques for ionizing radiation is 
no exception to the development of similar 
techniques for other hazards in industry. 
Radiation is reported to be considered as 
another type of hazard by industrial hy- 
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giene. The same authors indicate that for 
maiiy radiation problems there is no need 
for a specialist such as a health physicist, 
since the problem of radiation may be mi- 
nute compared to other health and safety 
hazards which may exist in the same in- 
stallation. It has been said that there is no 
sound reason for considering ionizing radia- 
tion as particularly different when one con- 
siders placing the control of radiation into a 
new, versus an existing, governmental 
agency. 

Arguments on the other side state that all 
radiation is potentially harmful and that 
radiation is peculiar in that there is a cumu- 
lative effect. Genetic effects are thought 
about by many workers before they express 
concern over more immediate possible 
damage. Few other occupational hazards as- 
sociate themselves in the minds of workers 
with genetic damage. Many agree that 
there is need for people who are moderately 
acquainted with radiation to recognize the 
potentialities for harm and call upon a 
health physicist for assistance. Both the 
New York State Health Department and 
New York State Labor Department have 
been reported to have health physicists on 
their staffs to act as experts and consultants 
to their field forces on radiation problems. 

The problem of preventing injury to 
human beings from radiation is not new. 
Many of you have been studying it for some 
time, even prior to the development of a 
sustaining chain reaction. The recent de- 
velopments above, however, indicate the 
need for careful technical scrutiny of all con- 
cepts concerning the achievement of a 
“safe” radiation environment before these 
concepts are placed into laws which subject 
someone to fine or imprisonment if they are 
ignored. Skilled radiation hygienists may 
agree on the few basic laws of nature which 
have been discovered concerning the effects 
of a given dose of radiation upon a given in- 
dividual or group of individuals; there may 
be some differences as to which laws of na- 
ture must be considered in each case. 

Translating these natural laws into man- 
made regulations requires consideration of 
such factors as personnel requirements for 
enforcing, budget for salaries and instru- 
mentation, delegation of authority to new or 
existing agencies, public relations aspects, 
and inter-departmental liaison. 
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Conclusion 


"THERE EXISTS a continuing need to have a 
coordinated, objective appraisal of radia- 
tion hazards to develop a definition satis- 
factory to health officers in government and 
industry and to legal authorities. Having de- 
fined a “hazard,” appropriate controls can be 
more clearly spelled out on the degree of 
competency of the supervising personnel. 


In the Field of Toxicology 


HERBERT E. STOKINGER, Ph.D. 
Occupational Health Program 
U.S. Public Health Service 
Washington, D.C. 


N THE BRIEF space allotted to review recent 

developments in the field of industrial 
toxicology, those subjects have been selected 
that appear to be of interest, either because 
of the unique character of their response or 
their indications of importance to industrial 
health. In the vast field from which to 
choose it is obvious that other selections 
might have been made equally as well. 


New Hazardous Compounds 


CRYLAMIDE, CH.=CH-CONH,, a chemical 
intermediate of great potential useful- 
ness for the formation of polymers and 
copolymers, plasticizers, dispersants and 
other purposes, has the unusual property of 
being insidiously neurotoxic at relatively 
low levels of intake, while at the same time 
showing unremarkable toxicity from acute 
doses (oral LD59, 170 mg/kg).' Acrylamide 
is toxicologically remarkable in other ways. 

1. It shows practically no species varia- 
tion; effective doses for the cat, dog, and 
rat were essentially the same. 

2. Its physiologic effects are produced 
equally readily by any route, oral, skin or 
eye. 

3. A definite quantity of acrylamide will 
produce the characteristic central nervous 
system syndrome of disturbed gait, postural 
tremors, visual and auditory hallucinations 
and muscular atrophy, irrespective of the 
dosage schedule used. 

4. There is an anamnestic response, in 
that following cure, lesser amounts of 
acrylamide recall the syndrome. Fortunately 
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the effects are reversible, although in severe 
cases recovery may require years (in man). 
No threshold limit defining the level for safe 
exposure has yet been set. 

Acrylamide represents an_ interesting 
demonstration of our current inability to 
predict the grave physiologic consequences 
from chemical structure; the closely related 
amide, propionamide (CH,CH.CONH,), is 
used as an animal feed supplement. Here, 
again, is another striking case of the addi- 
tion of a second double bond in the molecule 
to form a conjugated system with confer- 
ence of remarkable toxicity. Another well- 
known example is the 44-fold greater toxici- 
ty of crotonaldehyde compared with its 
saturated analogue butyraldehyde (Skog, 
Acta Pharm. Tox. 6, 299, 1950). Less well 
known, but equally striking is the highly 
lacrimatory power of conjugated unsatur- 
ated nitrocompounds such as 1 nitroiso- 
butylene compared with the unsaturated but 
not conjugated isomer, 1-nitroisobutyl-2-ene 
which has no marked lacrimatory powers. 
The potent irritating capacity of the di- 
isocyanates discussed below are other ex- 
amples of the effects of conjugated unsatur- 
ated compounds. Examples could be multi- 
plied almost endlessly. 

As a new group of monomeric substances 
used in foam rubber, lacquers and for other 
purposes, the aromatic diisocyanates, es- 
pecially 2, 4-diisocyanotoluene (TDI), 1, 
5-diisocvanonaphthalene, and 1, 4-di- 
isocyanobenzene present interesting toxico- 
logic properties. Although extremely inert 
in polymeric forms, and possessing a very 
low oral toxicity 1-8 g/kg,? these aromatic 
isocyanates, particularly the naphthalene 
derivative, are exceedingly irritating to 
the upper respiratory tract, producing his- 
tologic changes in animals at 0.09 ppm and 
death at 1 ppm upon repeated inhalation ex- 
posures. Man also responds at exceedingly 
low concentrations with evidences of allergic 
sensitivity such as asthma at air levels well 
below 1 ppm. Peculiarly sensitive individu- 
als may show responses below 0.1 ppm, 
which is below the odor threshold of toluene 
diisocyanate for many individuals. 

A level of 0.5 ppm of TDI produces throat 
irritation. The tentative threshold limit has 
been set for TDI at 0.1 ppm. In our present 
state of knowledge it is believed that the 
upper respiratory tract is first involved 
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following inhalation of low concentration of 
the isocyanates, pulmonary edema occurring 
only at far higher TDI concentrations. All 
evidence to date indicates no other type of 
systemic involvement from the isocyanates 
if the respiratory tract itseif is free of in- 
volvement. Moisture greatly reduces the 
toxicity of 1, 4-diisocyanobenzene presum- 
ably by hydrolysis and destruction of the 
unsaturated conjugated system. 

Three boron hydrides, diborane, penta- 
borane and decaborane have received con- 
siderable toxicologic and pharmacologic 
study.*® Used as high-energy fuels these 
boranes are highly hazardous by all practi- 
cal routes of entry into the body. 

Diborane (B.H,.), a gas at room tempera- 
ture (b.p. —92.5C) differs from the others 
in toxicologic action in possessing no neuro- 
toxic properties presumably because of its 
ease of hydrolysis; it is however, acutely, 
subacutely and chronically injurious to the 
lungs, producing congestion, edema and 
hemorrhage in higher doses and in the kid- 
neys it leads to the production of tubular 
casts. The threshold limit of exposure has 
been tentatively set at 0.1 ppm; this is con- 
siderably below its odor threshold of from 
2-4 ppm. 

Pentaborane (B;H,) is the most hazard- 
ous of the three boranes. This liquid, (b.p. 
58C ) whose vapor in a two-hour exposure at 
14 ppm results in immediate death of mice, 
at lower concentrations, produces symptoms 
of weakness and tremors indicative of 
central nervous system involvement but 
without the lung involvement seen with di- 
borane. Cumulative effects are seen with 
low repeated doses. Skin absorption is a 
possible contribution to the over-all toxicity. 
On the basis of hazard from the vapor and 
its severely toxic effects, a tentative thresh- 
old limit has been set for this compound of 
0.01 ppm. No medical preventive or thera- 
peutic effective agent for this compound has 
yet been developed; complete protection is 
afforded by airline gas-masks or a mask 
cartridge layered with soda lime, silica gel 
and activated carbon.? 

Decaborane (B,)H,,) presents a toxicity 
picture similar to, but slightly less than that 
of pentaborane but as it is a solid, it pre- 
sents less of a hazard than pentaborane; ac- 
cordingly its tentative threshold limit has 
been set at 0.05 ppm. The cardiovascular 
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actions of decaborane in animals have been 
reported.® 

It is recognized that the boranes are but 
additional examples of nonmetal hydrides 
such as phosphine, arsine, stibine, hydrogen 
sulfide, ete., which are characterized by 
their exquisite toxicity. 

Although ozone is by no means a new 
compound, two factors have been shown to 
have remarkable effects on modifying its 
toxicity, exercise and pre-exposure. Exercise 
during exposure to ozone has been shown by 
the research work at Occupational Health 
Field Headquarters, U.S.P.H.S. to enhance 
markedly the toxic effects of ozone; simul- 
taneous, intermittent exercise during a 6- 
hour exposure to otherwise non-injurious 
concentrations of ozone (around 1 ppm by 
vol.) proved lethal to rats and mice. On the 
other hand, pre-exposure to the same non- 
injurious levels of ozone, without exercise, 
resulted in a rapid development of tolerance 
to multilethal doses of ozone that persisted 
for at least four weeks. The tolerance which 
developed within 24 hours, protected the 
lungs from the pulmonary edema and 
hemorrhage common to lethal exposures but 
did not abolish the characteristic spasmodic 
breathing or the narcosis. 


New Industrial Cancerigens 


HERE is a tendency to belittle the carcino- 

genic potentiality of many substances on 
the basis that carcinogenicity in animals is 
no proof for carcinogenicity in man. It 
would seem a more reasonable view to re- 
gard all such compounds at least potentially 
carcinogenic in man. 

Sufficient work on beryllium now seems 
to have been done in one laboratory (Sara- 
nac), at least, by Vorwald, Schepers and 
Scheel* to establish beryllium as a carcino- 
gen in the rat. Inhalation of beryllium sul- 
fate for several months (six) produced 
eventually what was interpreted as an 
adenocarcinoma of the lung. The cancer has 
been successfully transplanted subcutane- 
ously in rats, whence it metastasized to the 
lung and the lymph nodes of the mediasti- 
num. Inhalation of beryllium phosphor 
(18% Be) produced in three to six months 
lesions in the lungs which appeared to be 
squamous cell carcinoma. The beryllium 
cancer has not been produced by other 
workers although it is not rat-strain de- 
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pendent in the hands of the Saranac workers. 
Alkaline phosphatase inhibition appears to 
be the first step in the physiologic process 
leading to tissue changes. It is believed that 
the Be(OH)*, a form through which all 
beryllium compounds pass in the fluids of 
the body, initiates the reaction. The lack of 
success of other workers elsewhere to re- 
produce beryllium cancer is still disturbing, 
however. 

Doll?® has found that the incidence of 
lung cancer among 105 English asbestos 
workers employed more than 20 years was 
tenfold that in the normal population. 
Cartier'! studying over a nine-year period 
4000 asbestos miners in Canada, involving 
128 cases of asbestosis, 40 of them with 
autopsies, found six of these have bron- 
chogenic carcinoma. Seven cases of lung 
cancer were found among asbestos miners 
with no asbestosis. 

With such relatively small numbers of 
cases one must be extremely cautious in 
drawing the conclusion of a causal relation- 
ship between exposure and the disease. 
Snegireff and Lombard!* several years ago 
pointed out in a study of lung cancer in ar- 
senic plants involving similarly small num- 
bers of cases that cancer deaths in any 
decade could have by chance been either far 
less than in the population as a whole or 
several times more than found in the plant. 
The question to resolve then in the asbestos 
exposures, is whether a 10-fold greater in- 
cidence of lung cancer is large enough to be 
significant when dealing with small samples 
of this sort. Before a final decision is 
reached it would seem well to wait until a 
more impressive number of cases has been 
documented. Moreover it seems to this 
author that the question of the nature of 
the asbestos in different localities and the 
associated minerals such as chromium and 
nickel, both recognized cancerigens, seem 
to have been too little considered. Asbestos 
is a fibrous form of several different species 
of minerals, a point commonly disregarded. 


Hydrocarbon Products of Combustion 
(CARCINOGENIC hydrocarbons have now been 
shown to be present among the exhaust 
products of diesel and gasoline engines,}# 
and in the air of English!4 and American 
cities.1° These products have been shown 
furthermore to produce skin tumors in mice. 
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Although these findings were made in con- 
nection with community air pollution 
studies, diesel and gasoline engines are used 
in many industrial operations. Efficient and 
innocuous operation of a diesel engine from 
an atmospheric pollution view has been 
pointed out as possible, moreover, without 
costly engine redesign.1* The fact that hu- 
man lung cancer has not yet been proven to 
arise from the inhalation of these hydrocar- 
bon products should not act as a deterrent 
to an active program to reduce the air con- 
tamination of working areas from this 
source. Recent figures on lung and bronchial 
cancer from smokers and nonsmokers in 
urban (Liverpool) and rural areas!® show 
definitely an urban “factor.” The benzpy- 
rene content of the air of urban areas was 
eight to 11 times greater than in the rural 
areas, 4a ratio which corresponds with the 
estimated mortality ratio among non- 
smokers in those areas. Although the causal 
relation seems tenable, it should not be 
considered proven, as a considerable part of 
the evidence rests on the statements of the 
widows of the deceased as to their smoking 
habits. 


Bladder and Skin Cancer 


[It HAS NOW been repeatedly found that 4- 

amino diphenyl produces carcinoma of 
the urinary bladder of dogs fed this sub- 
stance,!*19 the last of these confirming re- 
ports being that of Deichmann in 1956. The 
cancer was predominantly squamous in 
type and was produced from total doses 
ranging from 30g (English workers) to 
113g, 3 to 10 g/kg (American workers). The 
British investigators consider 4-amino 
diphenyl as a more effective bladder car- 
cinogen than either benzidine or 2-acetyl 
aminofluorene, and at least as potent as 
beta naphthylamine. 

A resurvey of the British chemical dye in- 
dustry” produced statistical evidence that 
bladder tumors are associated with the 
manufacture of the dyes auramine or ma- 
genta, (aminodiphenyl and aminotriphenyl- 
methane dyes (but do not necessarily arise 
from contact with the finished dyes them- 
selves. Aniline, however, has been definitely 
excluded as a causative agent in bladder 
tumors, at least in the British chemical in- 
dustry over the years 1910-1952. 


Straight-run distillates*! and higher boil- 
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ing point fractions of catalytically cracked 
petroleum?? may contain numerous carcino- 
genic hydrocarbons. A relationship between 
exposure to these substances and high in- 
cidence of occupational skin diseases other 
than cancer has been reported?’ and tests in 
animals with cutting oils have implicated 
them as possible carcinogenic agents. More 
recently cutting oils with a sulfonated min- 
eral-oil base have been connected definitely 
with squamous cell carcinoma of the skin 
among Canadian metal cutters.24 Six cases 
of skin cancer and one case of papilloma 
have been reported among workers with an 
average exposure period of about 20 years. 
Although most of the lesions appeared on 
the forearms, one case involved the scrotum 
of a worker on whom oil splashed continual- 
ly in the region of his lower abdomen, giv- 
ing a clear definition to the relation between 
exposure and response from this type of oil. 
On the other hand, no skin cancer or pre- 
cancerous manifestations have appeared to 
date among a group of 180 shale-oil workers 
in this country studied over a period of the 
past six years.*° The group will remain 
under continued observation, however. 


Toxic Thermal Decomposition Products 


TH TOXICITY of the degradation products 

of a large number and variety of plas- 
tics, synthetic hydraulic and lubricating 
fluids and fire extinguishants has been de- 
termined chiefly by Treon and associates.*® 
The importance of the studies is the finding 
that the over-all toxicity of the thermally 
degraded products from each substance was 
greater by a large factor than the sub- 
stances from which they originated. The 
substances studied thus far include Teflon, 
Kel-F, Fluorolube FS, (all fluoro or fluoro- 
chloro-organic polymers), silicones, Gafite, 
(a chlorinated methacrylate), a paraffinic 
hydrocarbon lubricating oil, Skydrol, Py- 
draul F-9, Arochlor 1242, tricresyl phos- 
phate, adipate and sebacate esters and 
Freon F13B1. In a few instances the toxic 
factors have been partly identified. As 
might be expected, the amount, nature and 
toxicity of the products was dependent upon 
the temperature of decomposition; in gen- 
eral, greater toxicity was experienced with 
increasing decomposition temperatures un- 
til a maximum was reached at a temperature 
characteristic of the substance. Tempera- 
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tures above 500°F generally produced the 
more important amounts of toxic products 
from most polymers. The hazards of the de- 
composition products of the synthetic lubri- 
cants and hydraulic fluids are no greater 
than those from the common lubricating 
oils; a man would not stay voluntarily in the 
presence of significant concentrations of 
these products. Another interesting finding 
was a marked decrease in toxicity of the 
thermal decomposition products of Freon 
F13B1 in the presence of moisture. The 
mechanism by which this is brought about 
is being studied. 


Trichloroethylene Exposure Problem 
"T HERE is probably no industrial solvent on 
which there is currently more discussion 
on the proper level for worker exposure than 
trichloroethylene. Some indication of the 
lack of agreement may be seen in the widely 
different threshold limit values in use in 
America, (200 ppm); England, ICI (400 
ppm); Russia (9 ppm); Italy, Parmegiani 
(100 ppm). Ahimark and Friberg in 
Sweden, on the basis of trichloroacetic acid 
excretion values would prefer an average 
daily exposure to trichloroethylene of no 
more than 30 ppm.?* Several possible rea- 
sons for these widely dissimilar values come 
to mind. 

1. Trichloroethylene may contain appreci- 
able and differing quantities of highly toxic 
impurities. 

2. Differing methods used for sampling 
and analysis for trichloroethylene. 

3. Differing means of appraising effects 
of exposure to trichloroethylene. 

4. National idiosyncracies of dietary 
habits, metabolism, differing genetic origin 
and worker age groups. 

The problem has importance that trans- 
cends that of the proper level for trichloro- 
ethylene; it involves also the more general 
question whether safe levels set for one 
country are appropriate for another in all 
instances. To date it is not possible to de- 
cide this definitely because, with the excep- 
tion of Russia, most threshold limit values 
in use in foreign countries have been taken 
from values used in the United States. Only 
recently has a beginning been made in de- 
veloping values in other countries. Because 
of the general importance of the question, 
efforts were made to elicit possible causes of 
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the difference from a number of foreign in- 
vestigators familiar with trichloroethylene 
exposures. 

The consensus of the foreign investiga- 
tors, Ahlmark (Sweden), Truhaut (France), 
Grandjean (Switzerland) and Soucek 
(Czechoslovakia) in answer to the above 
four questions, was that neither impurities 
in the trichloroethylene nor faults in sam- 
pling and analysis of the air are believed to 
account for the differences. They believe 
rather that their more thorough medical 
evaluation, especially neurologic examina- 
tion, tend to account for their appraisal of 
trichloroethylene as a more severe hazard 
to health than considered elsewhere. An- 
swers to the more difficult fourth question 
of the role of national idiosyncracies were 
either not forthcoming or were admitted 
not to have been studied. The question may 
have an important bearing on the problem, 
however. Evidences of geography or na- 
tional differences affecting metabolism of 
an industrial agent have been obtained from 
a comparison of vanadium ore workers in 
Peru and in America.*° 

Measurable changes in fingernail cystine 
occurred in Peruvian workers at urinary 
levels above 10yg/1 whereas levels greater 
than 30yg/l were required before changes 
of similar magnitude were found among 
U. S. vanadium workers. In defense of 
the U. S. position of 200 ppm _ thresh- 
old limit for trichloroethylene may be 
cited the unbelievably low air values ob- 
tained by the European workers in the area 
of trichloroethylene degreasers (Grand- 
jean ),°° the use of trichloroacetic acid as a 
means of evaluating safe exposure levels 
(Ahlmark )** and the lack of objective evi- 
dence in the U. S. of injury among tri- 
chloroethylene workers chronically exposed 
over a period of many years. Further ex- 
ploration, both medical and toxicologic is 
needed to clarify this important question. 
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HYGIENIC GUIDE SERIES 


BERYLLIUM AND COMPOUNDS 


I. Hygienic Standards 

A. RECOMMENDED (TENTATIVE ) MAXI- 
MUM ATMOSPHERIC CONCENTRATION: Occu- 
pational 8-hour: 0.002 milligrams beryllium 
per cubic meter of air (mg/m?) .!!13 (This 
is also the current recommendation of the 
U. S. Atomic Energy Commission.) Occupa- 
tional acute (less than 30 min.): 0.025 
Non-occupational 24-hour: 
0.00001 mg/m?.® 

(1) Basis for Recommendation: Ani- 
mal experiments and observations 
of humans. 

B. SEVERITY OF HAZARDS: 

(1) Health: Extra hazardous for 
acute and chronic exposures, for 
all compounds, excepting beryl. 
Numerous deaths have occurred. 
Fluorides will, and other soluble 
compounds may, cause dermatitis 
and irritation of the nose, throat, 
and eye. Fumes and dusts of these 
compounds, as well as those of 
the oxide, hydroxide, and the 
metal may cause an acute pneu- 
monitis* or, on longer exposure, a 
chronic disease, “beryllium poi- 
soning.” Latent periods in the dis- 
ease’s development, after ex- 
posure ceases, frequently occur. 
Although the respiratory system 
is chiefly affected, it is considered 
by some a systemic illness.8 Non- 
occupational cases, caused by at- 
mospheric pollution and contami- 
nated worker’s clothing have been 
The greatest concen- 
tration of chronic cases occurred 
in the manufacture of fluorescent 
lamps where the compound beryl- 
lium zine manganese silicate, 
probably containing excess free 
or unbound beryllium oxide, was 
used. Granulomata, which re- 
spond only to surgical excision, 
may result from embedded parti- 
cles in the skin. Beryl, and pos- 


sibly certain other compounds, 
are apparently not harmful. Ma- 
chining of beryllium-copper al- 
loys has never produced illness. 
Pulmonary cancers in animals 
have been produced by inhalation 
experiments with pure beryllium 
oxide dust and beryllium sulfate 
mist.1015 
(2) Fire: None. 

C. SHORT EXPOSURE TOLERANCE: No acute 
cases have occurred at levels below 0.025 
mg/m? for brief exposures. Above 0.1 
mg/m*, cases of acute pneumonitis devel- 
oped, with most individuals afflicted above 1 
mg/m, 7.8.11 

D. ATMOSPHERIC CONCENTRATION IM- 
MEDIATELY HAZARDOUS TO LIFE: 50 mg/m? 
for jsix-hour daily exposure.!* 


‘Significant Properties 


Properties are dependent on the specific 
compound. 


Ill. Industrial Hygiene Practice 

A. RECOGNITION: Exposures may occur 
in either the manufacture of neon signs, 
copper-beryllium alloys, or ceramics, in cer- 
tain atomic energy processes, and in the ex- 
traction of beryllium from beryl ore. Most 
fluorescent lamp powders no longer contain 
beryllium, but some old bulbs containing it 
may still be in use. 

B. EVALUATION OF EXPOSURE: Collection 
of atmospheric samples by filtration or by 
electric precipitation techniques, with sub- 
sequent analysis by photofluorimetry, us- 
ing morin, or spectrographically.!:14:16 

C. RECOMMENDED CONTROL PROCEDURES: 
Enclosed processes and local exhaust ventila- 
tion are required. Skin contact of soluble 
compounds, especially fluorides, should be 
prevented. 


IV. Specific Procedures 


A. FIRST AID: In acute inhalation ex- 
posures, call a physician at once. 
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B. BIOCHEMICAL ASSAY: Urine analysis 
may be done.®*. Positive results indicate ex- 
posure, but quantities cannot be correlated 
with the degree. 

C. SPECIFIC MEDICAL PROCEDURES :2:* 

(1) Preplacement and periodic ex- 
aminations: Full size chest x-rays 
should be made on all personnel 
prior to job assignment. Periodic 
chest x-rays should be made at 
six-month intervals on potentially 
exposed personnel and removal 
from exposure should be prompt 
at the first abnormal finding. If 
accidental acute exposure occurs, 
chest x-rays should be made with- 
in a week. 

Diagnosis of Chronic Delayed 
Beryllium Effect: Many of the 
signs and symptoms resemble 
other diseases such as tuberculo- 
sis, sarcoidosis, and certain pneu- 
moconioses. Diagnosis is difficult. 
Weight loss, chest x-ray changes, 
and positive tests for beryllium in 
urine and tissue are indicative. 

Treatment: Bed rest and oxygen 
are the methods of choice in acute 
cases. Usual symptoms are cough, 
shortness of breath, and chest 
x-ray changes. The treatment in 


(3) 
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chronic cases is symptomatic. In 
some instances, cortisone has been 
of value. 


NOTE: DR. HARRIET L. HARDY (Massachu- 
setts Institute of Technology) served as a 
consultant to the Hygienic Guides Commit- 
tee in the preparation of this Guide. 
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CARBON MONOXIDE 


I. Hygienic Standards 
A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): 100 parts of 
gas per million parts of air, by volume 
(ppm 
(1) Basis for Recommendation: Hu- 
man experience.?.13 
B. SEVERITY OF HAZARD: 

(1) Health: Acute—moderate to se- 
vere; chronic—none. No warn- 
ing properties. Severe acute poi- 
soning may result in death or 
permanent damage. Severity of 
effects are markedly increased 
under conditions of reduced oxy- 
gen intake. Symptoms are typical 
of asphyxia. 
Fire: Severe. 


(2) Explosive limits 


are 12.5% to 74.2% by volume. 
C. SHORT EXPOSURE TOLERANCE: 20% to 


30% saturation in blood causes initial symp- 
toms of poisoning. This will result from ex- 
posures of 1000 ppm for 30 minutes, or 500 
ppm for one hour. 1500 ppm for one hour 
is hazardous to life. Short exposures (one 
hour or less) should not exceed 400 ppm, al- 
though acclimatization may reduce severity 
of symptoms.*.*.68 

D. ATMOSPHERIC CONCENTRATIONS IMME- 
DIATELY HAZARDOUS TO LIFE: 3500 ppm im- 
mediately dangerous to life.+:5 


ll. Significant Properties 

Colorless, odorless gas, generally pro- 
duced by incomplete oxidation of organic or 
carbonaceous material. Frequently, but not 
invariably, accompanied by odor of un- 
burned organic matter. 

Chemical formula: CO 

Molecular weight: 28 


or 
ot 
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Relative density: 
At 25°C and 760 
mm Hg, 

1 ppm 

1 mg/liter: 


0.967 (air = 1) 


0.00115 mg/liter 
873 ppm 


lll. Industrial Hygiene Practice 

A. RECOGNITION: Always present around 
fires and in exhaust gases of either coal or 
wood stoves, oil or gas burners, or internal 
combustion engines. Major industrial ex- 
posures occur in steel plants, mines, coke 
ovens, and illuminating gas manufacture or 
use. Usual symptoms, in order of increasing 
severity, are headache, drowsiness, nausea, 
unconsciousness, and death. 

B. EVALUATION OF EXPOSURE: 

(1) Instrumentation: Commercial de- 
vices are available for accurately 
determining low concentrations, 
using impregnated silica gel.!* 
Continuous recorders and alarms 
are also available (Mine Safety 
Appliances Company, Pittsburgh) 
for monitoring carbon monoxide 
atmospheres.!” 

(2) Chemical: Passage of the atmos- 
phere over iodine pentoxide, fol- 
lowed by determination of the lib- 
erated iodine.! 

C. RECOMMENDED CONTROL PROCEDURES: 

(1) Maintain all combustion devices 
at peak efficiency. 

(2) Vent products of combustion to 
outdoors, and use supplemental 
general ventilation as required. 

(8) Use Catalytic type mufflers on in- 
ternal combustion engines oper- 
ated indoors. Propane fueled 
engines are usually less produc- 
tive of carbon monoxide than 
either gasoline or diesel fueled. 

(4) Use tailpipe exhaust system in 
auto repair garages. 
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(5) Perform frequent atmospheric 
tests to assure the existence of 
unhazardous conditions. 


IV. Specific Procedures 


A. FIRST AID: In cases of asphyxiation, 
provide artificial resuscitation promptly, to- 
gether with therapeutic oxygen (pure oxy- 
gen, if possible). Remove to fresh air, keep 
warm and prone.$ 

B. BIOCHEMICAL ASSAY: Blood saturation 
levels may be determined by the method of 
either Scholander!® or Klendshoj,!! by the 
Van Slyke gasometric method,’ or by the 
pyrotannic acid method.®:!4 

C. SPECIAL MEDICAL PROCEDURES: Use of 
alcohol, narcotics, or barbiturates prior to 
poisoning may complicate treatment and 
should be recognized. Measurement of CO 
saturation of blood is useful in determin- 
ing degree of exposure. 
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HYDROGEN CYANIDE (HYDROCYANIC ACID, PRUSSIC ACID) 


I. Hygienic Standards 
A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): 10 parts of 
gas per million parts of air, by volume 
(ppm) :! 
(1) Basis for Recommendation: Hu- 
man and animal data.5.6.9 


B. SEVERITY OF HAZARD: 
(1) Health: Extra hazardous for 
acute; nil, for chronic exposures. 
Toxic action believed to be the re- 
sult of enzyme inhibition on cellu- 
lar metabolism. Readily absorbed 
through the skin. Odor response 


| 
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varies widely, and olfactory fa- 
tigue readily occurs. Liquid HCN 
may be a skin and eye irritant. 
Little latitude exists between safe 
and dangerous concentrations. 
(2) Ftre: Severe fire and explosion 
hazard. Flash point, 0°C (32°F.) 


(closed cup). Explosive limits, 
5.6° to 40% by volume. 
C. SHORT EXPOSURE TOLERANCE: 50-60 


ppm safe for one hour. 

D. ATMOSPHERIC CONCENTRATION’ IM- 
MEDIATELY HAZARDOUS TO LIFE: 3000 ppm, 
rapidly fatal.+ 


ll. Significant Properties 
Formed by reaction between acids and 
most cyanide salts. The normal content of 
carbon dioxide in the air may release toxic 
concentrations from salts and solutions. 
Chemical formula: HCN 
Molecular weight: 27.03 
Specific gravity: 0.697 at 20/4°C 
Boiling point: 26°C 
Relative vapor 
density: 
Vapor pressure: 
At 25°C. and 760 


0:93 = 
546 mm Hg at 18°C 


mm Hg, 
1 ppm: 0.0011 mg/liter 
1 mg/liter: 906 ppm 
Solubility : Infinitely soluble in 
water, alcohol, 
ether 
Odor: Bitter almonds; 


threshold about 1 
ppm by trained 
personnel. 


Ill: Industrial Hygiene Practice 

A. RECOGNITION: Hydrogen cyanide is 
used as a fumigant and as a basic compound 
in the synthetic chemical industry. Other 
sources of exposure occur in the plating, 
gold and silver ore extraction, photographic, 
dyeing, insecticidal manufacturing, and 
steel heat treating processes. 

B. EVALUATION OF EXPOSURES: 

(1) Instrumentation: Direct determi- 
nation by the M.S.A. Hydrocyanic 
Acid Gas Detector (Mine Safety 
Appliances Co., Pittsburgh) or 
the Drager Gas Detector (Dra- 
gerwerk, Liibeck, Germany ). Nei- 
ther of these are specific for HCN. 
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(2) Chemical: Collect in an all-glass 
device, using a trisodium phos- 
phate solution containing phenol- 
phthalin and copper sulfate.®:1° 

C. RECOMMENDED CONTROL PROCEDURES: 

(1) Train all personnel in the recog- 
nition of the odor of hydrogen 
cyanide, in artificial respiration, 
and in the use of amy] nitrite. 

(2) Prevent contact of cyanides with 
acids. 

(3) All containers of cyanide salts 
and solutions, when not in use, 
should be closed, or provided with 
hoods and mechanical exhaust 
ventilation. 

(4) Where hydrogen cyanide or its 
salts are used, provide mechanical 
exhaust ventilation, with special 
provisions for a high rate during 
emergencies. 

(5) Impervious protective clothing 
should be worn when danger of 
skin contact exists. 

(6) Provide emergency showers and 
eye washing fountains. 

(7) Provide kits containing equip- 
ment for amy] nitrite, and sodium 
nitrite-sodium thiosulfate admin- 
istrations,!! in suitable locations. 


IV. Specific Procedures 
A. FIRST AID: 
(1) Remove the individual as rapidly 
as possible to an uncontaminated 


area, by adequately protected 
personnel. 
(2) Perform the following in the 


order of priority given, but as 
nearly simultaneously as possible: 
(a) Administer artificial respira- 
tion if breathing has stopped. (b) 
Administer amyl] nitrite inhala- 
tion (ampoules). (c) Remove 
clothing and bathe. (d) Call a 
physician. 

B. BIOCHEMICAL ASSAY: None. 

C. SPECIAL MEDICAL PROCEDURES: 

(1) Preplacement: None, other than 
tests for ability to smell 50 ppm 
of HCN. Individuals unable to de- 
tect this level should not be em- 
ployed.? 

(2) Treatment: Amy] nitrite inhala- 
tions and sodium nitrite-sodium 
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thiosulfate injections should be 
used promptly.*:!! All physicians 
with potential hydrogen cyanide 
cases should become thoroughly 


familiar with the _ procedure. 
Methylene blue should not be 
used. 


NoTE: N. P. WHITE (Shell Chemical Com- 
pany) served as a consultant to the Hygi- 
enic Guides Committee in the preparation of 
this Guide. 


V. Literature References 
1. American Conference of Governmental Industrial 


ZINC 


|. Hygienic Standards 


A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours) : 15 milligrams 
of zinc oxide fume per cubic meter of air 
(mg/m?) 

(1) Basis for Recommendation: Hu- 
man experiments*:» and experi- 
ence in industry.* 

B. SEVERITY OF HAZARDS: 

(1) Health: Slight to moderate for 
both acute and chronic exposures. 
Excessive exposure to the freshly 
formed fume produces character- 
istic symptoms known as metal 
fume fever. “Brass chills,” “zine 
shakes,” and “brass-founders 
ague” are other descriptive names 
for this disease. Only the freshly 
formed fume is especially potent, 
presumably because the flocculat- 
ing characteristics of this com- 
pound prevent redispersion of 
particles small enough to be 
breathed deep into the lung. 
Duration of the illness is general- 
ly a matter of a few hours, with 
no after-effects. Immunity to the 
fumes is generally developed af- 
ter a day or two of work but may 
be lost, after a few days without 
exposure. 

(2) Fire: None. 

C. SHORT EXPOSURE TOLERANCE: 56 mg 
m* may be breathed for 20 minutes without 
symptoms.’ 

D. ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS TO LIFE: Unknown. 


349 


Hygienists: AMA Arch. Ind. Health, 11:521, 1955. 

2. CHEN, K. K., Rose, C. L., and Clowes, G. H. A.: 
J. of Ind. State Med. Aassoc., 37:344, 1944. 

3. CHEN, K. K., and Rose, C. L.: J.A.M.A., 149:113, 
1952. 

4. HENvERSON, Y., and HaGcarp, H. W.: 
Gases. Reinhold Publishing Co., New York, 1943. 

5. GerTTLER, A. D., and BLAINE, J. O.: Am. J. Med. 
Science, 195:182, 1938. 

6. McCALLAN, S. E. A., et al: Contrib. Boyce Thomp- 
son Inst. 11:325-330, 1941. 

7. McCormick, W. E. (B. F. Goodrich Company, 
Akron, Ohio): Personal Communication. 

8. Ropsre, W. A., and LEINFELDER, P. J.: 
Hyg. & Toz., 27:136, 1945. 

9. VALADE, P.: Bull. Acad. Nat. Med., 136:280, 1952. 

10. Witt, N. P.: AIHA Quarterly, 9:81, 1948. 

11. Wotrsiz, J. H.: AMA Arch. Ind. Hyg. and Oce. 
Med., 4:417, 1951. 


OXIDE 


Noxious 


J. Ind. 


Il. Significant Properties 

A finely divided fluffy white powder with 
no distinguishable odor or taste. 

Chemical formula: ZnO 

Molecular weight: 81.4 

Specific gravity: 5.5 

Boiling point: Sublimes at 1800°C 

Solubility : In mineral acids and 

alkalies 


Ill. Industrial Hygiene Practice 

A. RECOGNITION: Zine oxide is used ex- 
tensively as a paint pigment, rubber com- 
pounding chemical, and pharmaceutical, 
but is only likely to occur in the toxic state 
as a freshly formed fume in zinc smelters, 
brass foundries and metal recovery plants 
where the metal is being melted. Zinc fumes 
are formed during the welding and brazing 
of galvanized metals. Influenza-like chills, 
followed by fever, occur two to eight hours 
after a heavy exposure and may last several 
hours. The victim feels debilitated but gen- 
erally is able to go to work the next day. 

B. EVALUATION OF EXPOSURE: Freshly 
formed fume may be sampled most conven- 
iently with the electrostatic precipitator or 
an efficient filter. If zinc oxide constitutes 
the only major air contaminant, large air 
samples may be weighed directly. Small 
amounts of zinc may be determined chemi- 
cally by the dithizone method,* or by polaro- 
graphic techniques. 

C. RECOMMENDED CONTROL PROCEDURES: 
Enclosure and natural or exhaust ventila- 
tion of furnaces, in which zine and zinc-con- 
taining alloys are heated and melted, are the 


—— 
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principal means of controlling the escape of 
zine oxide fumes. Special types of exhaust 
hoods may be required for welding or braz- 
ing galvanized materials, brass foundry 
pouring stations, etc. 


IV. Specific Procedures 

A. FIRST AID: Bed rest and aspirin afford 
some relief from chills and fever but do not 
alter the course of the disease. 

B. BIOCHEMICAL ASSAY: None. 

C. SPECIAL MEDICAL PROCEDURES (includ- 
ing preplacement): None. 
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NOTE: DR. PHILIP DRINKER (Harvard 
School of Public Health) assisted the Hygi- 
enic Guides Committee in the preparation of 
this Guide. 
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ANHYDROUS AMMONIA 


I. Hygienic Standards 

A. RECOMMENDED MAXIMUM ATMOSPHER- 
IC CONCENTRATION (8 hours): 100 parts of 
gas per million parts of air, by volume 
(ppm) 

(1) Basis for Recommendation: Con- 
trol of irritation to eyes and res- 
piratory tract of humans. 

B. SEVERITY OF HAZARDS: 

(1) Health: Moderate for both chron- 
ic and acute exposures. Effects 
are primarily irritation of mucous 
membranes and skin. Quickly dis- 
solves on moist body surfaces and 
exerts a strong alkaline action on 
the tissue contacted. Dermal irri- 
tation occurs above 1% (10,000 
ppm) if the skin is wet and 
chemical burns may occur rapidly 
in concentrations above 3%. 

(2) Fire: Moderate. Explosive limits 
are 15.5% to 26.6% by volume. 

C. SHORT EXPOSURE TOLERANCE: The odor 
threshold is approximately 50 ppm.° Irrita- 
tion has been industrially experienced at 
125 ppm,” although Fassett’s experience in- 
dicates a level 200-400 ppm.? Experimental- 
ly, throat irritation was observed at ap- 
proximately 400 ppm, and eye irritation at 
700 ppm.® 

D. ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS TO LIFE: 2500-6500 ppm 
is considered dangerous to life in 30 min- 
utes.® 


Il. Significant Properties 
Anhydrous Ammonia is a pungent, irri- 
tating, colorless gas. 


Chemical formula: 
Molecular weight: 17 
Boiling point: -33.35°C 
Vapor pressure: 
Relative density: 
Solubility : 


0:597 (air = I) 

Water: 90 gm/100 
ml at 0°C 

Alcohol: 13.2 gm/ 
100 ml at 20°C 

Soluble in ether and 
organic solvents. 

0.037 mg/liter (53 
ppm)°® 


Odor threshold: 


At 25°C and 760 
mm Hg, 

1 ppm of gas: 

1 mg/liter of 

gas: 1438 ppm 


0.007 mg/liter 


Ill. Industrial Hygiene Practice 


A. RECOGNITION: By its odor and irri- 
tating effects.» Major uses are in agricul- 
ture, refrigeration, petroleum refining, 
water purification, and in the manufacture 
of nitric acid, fertilizers, drugs and chemi- 
cals. 

B. EVALUATION OF EXPOSURES: 

(1) Instrumentation: Moist pheno- 
phthalein test paper turns from 
white to red immediately at 100 
ppm, and in five seconds at 10 
ppm. Moist litmus paper turns 
blue in one second at 100 ppm, 
and in 6.5 seconds at 10 ppm.* 

(2) Chemical: Absorption in acid and 
determination by titration or 
Nessler’s reagent.? 

C. RECOMMENDED CONTROL PROCEDURES: 
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Maintain workroom exposures below 100 
ppm. Process enclosure and/or ventilation 
may be required. Protection for eyes and 
respiratory tract is indicated for brief ex- 
posures to concentrations in excess of 100 
ppm. Training in the use of such equipment 
is essential. 


IV. Specific Procedures 

A. FIRST AID: Removal to a _ non-con- 
taminated location should be prompt. Sum- 
mon medical assistance. Artificial respira- 
tion and administration of 100% oxygen 
may be required. Keep patient warm. Re- 
move clothing and flush surface areas with 
copious amounts of water if skin contact has 
been severe. Treatment for eye contact 
should be preceded by prompt and pro- 
longed (15 minutes minimum) irrigation 
with water. Medical procedures are largely 
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supportive with careful attention to the 
possibilities of eye and pulmonary sequelae. 

B. BIOCHEMICAL ASSAY: None. 

C. SPECIAL MEDICAL PROCEDURES: In pre- 
placement consider existing chronic respira- 
tory conditions which might be aggravated 
by coughing. 
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5. McCorp, C. P., and WITHERIDGE, W. M.: Odors, 
Physiology and Control. McGraw-Hill Book Co., Inc., New 
York, 1949. 

6. SmytH, HENRY F.: Improved Communication—Hy- 
gienic Standards for Daily Inhalation. AIHA Quarterly, 
17:129, 1956. 


Because of space limitations, it is impossible to list all methods of exposure evalu- 
ation. The selections have been made on the basis of current usage, reliability, and 
applicability to the usual industrial type of exposure. Any specific evaluation and/or 


control problem will involve professional judgment. 


fessional industrial hygiene personnel. 


Respiratory protective devices are commercially available. 


This can best be done by pro- 


Their use, however, 


should be confined to emergency or intermittent exposures and not relied upon as 


primary means of hazard control. 


A relative scale is used for rating the severity of hazards: nil, low, moderate, high, 


and extra hazardous. 


HYGIENIC GUIDES COMMITTEE 


WILLIAM E. McCormick, Chairman 


FRANCIS F. HEyrotH, M.D. 
HERVEY B. ELKINS, Ph.D. 
Davip W. FASSETT, M.D. 


WILLIAM B. HARRIS 
MELVIN W. First, Sc.D. 
H. E. STOKINGER, Ph.D. 
PAUL D. HALLEY 


CLYDE M. Berry, Ph.D. 


Hygienic Guides and Binders Available 


NDIVIDUAL Hygienic Guides in loose-leaf form may be obtained from the American 
Industrial Hygiene Association, 14125 Prevost, Detroit 27, Michigan, at 25c each. 


Also available are flexible loose-leaf binders for the loose Hygienic Guide sheets. 
The binders have been especially designed to provide maximum protection and ease 
of handling of the Guides. They will be especially useful in keeping a permanent file. 
The binders are blue in color, with white lettering, and are fitted with %” rings. The 
price is $1.25. The Guides and the binders may be ordered on the blank on page 329. 
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N OUTSTANDING technical journal for the dissemination of indus- 

trial hygiene information was an early dream of the founders of 

the AMERICAN INDUSTRIAL HYGIENE ASSOCIATION. In line with this, the 

first Board of Directors arranged for an Industrial Hygiene Section in 

the journal, Industrial Medicine. Fifteen years later, June, 1946, our 
official publication, AJHA Quarterly, was born. 

Since 1946, there has been a five-fold growth in the Quarterly and it 
is now the outstanding publication for industrial hygiene information. 
This accomplishment is a direct reflection of the efforts of the Quarter- 
ly staff and the Editorial Committee. Today, the early dream of our 
founders is well on its way to fulfillment. We have every reason to be 
proud of the Quarterly on its Tenth Anniversary. 

The stature of a professional organization is measured largely by the 
extent communication is provided within the profession in the fields of 
research, professional experiences and general news. Thus, for a profes- 
sional journal to serve its purpose, its growth must be commensurate 
with the growth of the organization itself. A special committee is now 
comprehensively re-examining our ASSOCIATION’S overall need in this 
respect. Further developments of major proportions can be confidently 
expected of our official publication. However, growth is accompanied 
by increased cost. This must be met primarily through increased circu- 
lation and advertising. The Quarterly staff and the Editorial Committee 
are doing a tremendous job but ultimately the future of our official pub- 
lication rests with the entire membership of the ASSOCIATION. The report 
of the special committee pointing out ways in which the full member- 
ship can be of help will be covered in a future AIHA Newsletter. 
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+ Thtkes and Abstracts 


—FROM FOREIGN EXCHANGE JOURNALS 


HE FOLLOWING is a partial list of articles, 
iL by titles and authors, from journals re- 
ceived by the AMERICAN INDUSTRIAL HY- 
GIENE ASSOCIATION since the June, 1956, 
issue of the QUARTERLY in exchange for 
copies of the QUARTERLY. 

Additional information on any of the 
journals or articles may be obtained from: 
Carrol S. Weil, Senior Industrial Fellow, 
Mellon Institute of Industrial Research, 
4400 Fifth Avenue, Pittsburgh 13, Penn- 
sylvania. 

I. ARHIV ZA HIGIJENU RADA (Jugoslavia). 
Vol. 6, No. 4 (1955). 

Normal Values of Lead Concentration in 
Human Blood. V. B. Vouk, Kata Voloder, 
O. A. Weber and Ljerka Purec, pp. 277 to 
287. 

To evaluate normal quantities of lead in 
the blood, 95 healthy subjects (100 men and 
95 women) were randomly selected from the 
local population of Zagreb. Results, using a 
monocolor dithizone method, were found to 
be log-normally distributed with mean 
values of 36 and 34 mg/100 ml for men 
and women respectively. The upper normal 
limit of lead in blood is stated to be 60 
mg /100 ml. 

Effect of Cobalt on Resistance to Hypoxia 
in Rats. Ines Wesley, pp. 289 to 294. 

Toxic Methaemoglobinaemia Due to the 
Action of Nitrites. T. Beritic F. Valic, pp. 
303 to 310. 

Porphyrinuria in Lead Poisoning. D. 
Djuric, pp. 315 to 325. 

Chemical and physical properties of 
porphyrines and their metabolism in the 
human body are briefly described. Bio- 
synthesis of porphyrines, production of 
methaemoglobin, and the influence of lead 
on this process are discussed in more de- 
tail. A review is given of the literature con- 
cerning the determination of copropor- 


phrine in urine as a method both for the 
detection of increased exposure to lead and 
early diagnosis of lead poisoning. 
II. THE JOURNAL OF SCIENCE OF LABOUR 
(Japan). Vol. 32, No. 2 (1956). 
Dermatosis 


and Anemia Observed on 


Workers Dealing with T.N.T. Sumiko Ishi- 
zu, pp. 103 to 108. 

On the Phosphorus Necrosis of Jaw Bone 
in a Phosphorus Plant. Takashi Nomura, pp. 
109 to 116. 

Ten case histories are recorded. Further 
examination of workers revealed that those 
who were handling phosphorus were liable 
to show a decrease in the A/G ratio of 
serum. 

Lesion of the Eye Caused by Maleic An- 
hydride. Shigeru Tanaka, pp. 117 to 126. 

Studies on Occupational Deafness of Coal- 
miners. Part 1. Noises in Coal Mines. Yoshi- 
masa Taketomi, pp. 127 to 134. 

Effects of Heavy Labor in High Tempera- 
ture on Donaggio Reaction, Amount of Uro- 
bilinogen Discharge and Flicker Value. 
Seisuke Sato, pp. 135 to 144. 

III. THE JOURNAL OF SCIENCE OF LABOUR 
(Japan). Vol. 32, No. 3 (1956). 

The Three Cardinal Forms of X-Ray 
Findings in Silicosis (Report III). Haru- 
nori Asakawa, pp. 159 to 170. 

Clinical and Experimental Studies of In- 
fluence of Sulphurous Acid Gas on the Elec- 
trocardiogram. Part I. First Report on the 
Electrocardiograms of Sulfur Processing 
Workers at Matsuo Mine. Seiki Naganuma, 
pp. 171 to 178. 

A Study on the Abnormal Stain and Pig- 
mentation of Ocular Conjunctives Among 
Aniline Dye Workers. Fumi Nishida, pp. 179 
to 185. 

IV. THE JOURNAL OF SCIENCE OF LABOUR 
(Japan). Vol. 32, No. 4 (1956). 

Proceedings of Twenty-Ninth General 
Meeting of the Japanese Association of In- 
dustrial Medicine. 

Investigations of the Amount of Neutral 
17-Ketosteroids Excreted in the Urine of 
Female Cotton-Mill Workers. H. Maki and 
S. Yoshida. 

On the Excretion of Acetone Bodies in 
Urine of Employees in a Steel Factory. S. 
Ogawa and E. Hazashi. 

Investigations on  Water-Metabolism, 
Blood, and Urine of Open-Hearth Workers 
of a Steel Plant. S. Shinjo. 
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Hematological Observations on _ Coal 
Miners. N. Arimatsu, T. Kawachi and S. 
Ishinishi. 

A Screening Test by a Group Audiometer. 
A. Koizumi, M. Ashizawa and S. Kawamura. 

Sampling of Mercury Vapor by a Midget- 
Impinger. O. Tada. 

Estimation of Phenol in Air. T. Fuku- 
yama and T. Sato. 

Treatment of the Lead Poisoned with Ca- 
EDTA by Oral Administration. S. Nisino. 

Investigations on Workers in a Manga- 
nese Mine. Report IV. Y. Suzuki, K. Nishi- 
yama, M. Doi, Y. Matsuka, T. Ueda, and T. 
Ochi. 

Investigations on the Effect of Intra- 
tracheal Injection of Dusts in Rats. T. Sano 
and H. Osanai. 

V. THE JOURNAL OF SCIENCE OF LABOUR 
(Japan). Vol. 32, No. 5 (1956). 

Studies on Dust Control. Report II. 
Hazardous Dust in Blast Cleaning. Toyohiko 
Miura, Kikuzi Kimura, Mituo Morioka and 
Yahatiro Matusita, pp. 351 to 360. 

Tentative Standards of Noise Tolerance. 
Takeo Yamamoto, pp. 361 to 367. 

On the Change of Blood Glutathione Level 
in Experimentally Lead-Poisoned Rabbits. 
Toshihiko Nagai, Tokuro Huse and Shiga- 
mitsu Saikawa, pp. 390 to 403. 


The Most Experienced 
FILM BADGE SERVICE 


for 
PERSONNEL MONITORING 
ENVIRONMENT 
EMERGENCY CONTROL 


ST. JOHN X-RAY LABORATORY 


Califon, New Jersey 
Established 1925 


September, 1956 


+ Wook eview 


TMOSPHERIC POLLUTION—ITS ORIGINS 
AND PREVENTION: A. R. MEETHAM, D. Sc. 
Pergamon Press, London, 1956, pp. 302. 
The second edition of this English text 
contains a broad treatment of the air pollu- 
tion problem. It includes extensive discus- 
sions of the various natural and artificial in- 
dustrial fuels and the industrial and do- 
mestic boilers and furnaces used for their 
combustion. Major emphasis is placed on 
smoke resulting from fuel combustion as 
the source and primary component of air 
pollution. Current methods of pollution 
measurement and results of recent British 
surveys of pollution distribution are re- 
viewed. Cyclic variations as well as those 
caused by weather changes are discussed. 
The effects of pollution on human, plant and 
animal health and growth as well as re- 
sultant property damage are covered. Cur- 
rent pollution abatement technology, con- 
trol legislation and enforcement methods 
practiced in England and the United States 
are discussed. Pollution resulting from nu- 
clear fuel and power plants are briefly re- 
viewed. Selective bibliographies are ap- 
pended to each chapter. —ISAIAH GELLMAN 


Phone CApitol 7-5708 


211 MILBY STREET 
HOUSTON 3, TEXAS 


OCCUPATIONAL 
HEALTH 
LABORATORIES 


Phone CApitol 7-5708 


Dithizone method 
for lead. Urinary 
coproporphyrin 


Industrial Hygiene Quarterly 


AIHA INDUSTRIAL ASSOCIATES 


The AMERICAN INDUSTRIAL HYGIENE ASSOCIATION has authorized a new class of 
membership—the Industrial Associate. 

AIHA acknowledges with appreciation these Industrial Associates who by 
their membership demonstrate their support of the objectives of the Association: 


AETNA INSURANCE COMPANY INTERNATIONAL BUSINESS MACHINES 
Hartford, Connecticut CORPORATION 


Endicott, New York 


ALUMINUM COMPANY OF AMERICA 


Pittsburgh, Pennsylvania LUMBERMENS MUTUAL CASUALTY Co. 


Chicago, Illinois 
AMERICAN AIR FILTER COMPANY, INC. 


Louisville, Kentucky MONSANTO CHEMICAL COMPANY 


St. Louis, Missouri 
AMERICAN SMELTING AND REFINING Co. 


‘ ke City, Utah 


Toledo, Ohio 
BETHLEHEM STEEL COMPANY 


Bethlehem, Pennsylvania 
REYNOLDS METALS COMPANY 


Richmond, Virginia 
BITUMINOUS CASUALTY CORPORATION 


Rock Island, Illinois 
SAFETY First SUPPLY COMPANY 
Pittsburgh, Pennsylvania 
DETROIT EDISON COMPANY & y 
Detroit, Michigan 
Socony MosIL OIL COMPANY, INC. 
ELI LILLY AND COMPANY New York, New York 
Indianapolis, Indiana 
WILLSON PRODUCTS DIVISION, RAy-O- 


EMPLOYERS MUTUALS OF WAUSAU Vac COMPANY 
Wausau. Wisconsin Reading, Pennsylvania 
sau, Wis 


New York, New York Pittsburgh, Pennsylvania 


GOODYEAR TIRE AND RUBBER COMPANY UPJOHN COMPANY 
Akron, Ohio Kalamazoo, Michigan 


IMPERIAL O1L LIMITED ZURICH INSURANCE COMPANY 
Toronto 1, Canada Chicago, Illinois 
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Esso STANDARD OIL COMPANY UNITED STATES STEEL CORPORATION 


AMERICAN INDUSTRIAL HYGIENE ASSOCIATION 
Officers, 1955-56 


Aluminum Company of America 
1501 Alcoa Building, Pittsburgh 19, Pennsylvania 

Liberty Mutual Insurance Company 
175 Berkley Street, Boston 17, Massachusetts 

Esso Research and Engineering Company 
P.O. Box 51, Linden, New Jersey. 

New York University Medical Center 
550 First Avenue, New York 16, New York 


Kettering Laboratory, Cincinnati, Ohio 


14125 Prevost, Detroit 27, Michigan 
Board of Directors 


RoDNEY R. BEARD, M.D. WILLIAM T. McCorRMICK 
Stanford Medical School Inland Steel Company 
VINCENT J. CASTROP VERALD K. ROWE 
General Motors Corporation Dow Chemical Company 


G. H. CoLuinés, JR., M.D. 
Army Environmental Health Laboratory 
MERRIL EISENBUD 


HERBERT T. WALWORTH 
Lumbermens Mutual Casualty Co. 


U.S. Atomic Energy Commission ELMER P. WHEELER 
E. C. Hyatr Monsanto Chemical Company 
Los Alamos Scientific Laboratory CHARLES D. YAFFE 
FREDERICK S. MALLETTE Division of Occupational Health 
Resources Research, Inc. 
American Industrial Hygiene Association Quarterly 
Publication Office: 605 North Michigan, Chicago 11, Illinois 


(Subscriptions should be sent to Publication Office) 


Abbott Laboratories 
North Chicago, Illinois 

American Foundrymen’s Society 
Chicago, Illinois 

Zurich-American Insurance Companies 
135 South LaSalle Street, Chicago 3, Illinois 

Standard Oil Company (Indiana) 
910 S. Michigan Ave., Chicago 80, Illinois 

Bethlehem Steel Company 
Bethlehem, Pennsylvania 

Detroit Department of Health 
Detroit, Michigan 

University of California 
Berkeley 4, California 

American Air Filter Company 
Louisville, Kentucky 

American Smelting & Refining Company 

Salt Lake City, Utah 
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